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THE SO-CALLED HOUR-GLASS TUMORS OF THE SPINE 





GEORGE J. HEUER 


The experience some years ago of finding at operation on a paraplegic 
patient a circumscribed extradural spinal tumor, the narrowed pedicle 
of which proceeded through an enlarged intervertebral foramen to be 
continuous with a larger growth in the posterior mediastinum, has led 
to a continued interest in the so-called hour-glass or dumb-bell tumors 
involving the spinal cord. My first patient was seen and operated on 
in 1916, and only recently have two others come under my observation. 
To the comparatively few who have personally observed them at the 
operating or autopsy table, these tumors are well known; to the great 
majority of physicians and surgeons they are apparently quite unknown. 
They have a very general interest, for while they implicate the cord 
eventually and are therefore more often seen by the neurologist and 
neurosurgeon, their paravertebral portions may present in the neck or 
back to confuse the general surgeon just as they may present in the 
thorax, the abdomen and the pelvis. They are not so uncommon as 
the literature would indicate, and one has only to read case reports of 
spinal tumors to discover that they have not infrequently been observed 
but have failed to excite comment. They deserve perhaps to be recog- 
nized as a clinical group, for while their pathologic processes may vary, 
they arise from a restricted region in or about the spine, show peculiar 
tendencies in their growth and often give rise to distinctive signs and 
symptoms. 

DEFINITION 


The term “hour-glass tumors” is applied to a group of tumors which 
arise along the spine from the highest cervical to the lower sacral verte- 
brae, either from within the spinal canal (ganglions, nerves, dura, 
vertebral ligaments), from the vertebrae (cartilage of intervertebral 
disks) or from without the spine (sympathetic chain, ribs, fascia). 
Arising intraspinally, they have been thought to grow outward through 
an intervertebral foramen or between two adjoining laminae to form an 
extra or paravertebral tumor; or arising paravertebrally, they have been 
thought to extend through an intervertebral foramen into the spinal 
canal to form there an intraspinal growth. At the point where they 
penetrate the intervertebral foramina the tumors are constricted and 
assume, therefore, an hour-glass shape (fig. 1). The term has been 
used to include tumors which are entirely intraspinal but which are both 
intradural and extradural. Arising either within or without the dura, 
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they penetrate this membrane usually at the site of exit of a spinal 
nerve, at which point they are constricted and assume an hour-glass 
shape. It is to be noted that the intervertebral foramina occupied by 
tumor tissue are usually enlarged as if by pressure atrophy of the bone 
rather than by invasion of the bone. The term hour-glass tumors has 
not been applied to the not uncommon malignant tumors (sarcoma, 
metastatic carcinoma, etc.) which invade and destroy the vertebrae 
and involve the spinal cord, and I have not considered such tumors in 
this paper. 
LITERATURE 

The literature on hour-glass tumors is meager. With the exception 
of the articles by Antoni, Guleke, Borchardt and Coenen, I have failed 
to find any direct reference to this group of tumors. Antoni, in his 
monograph on tumors of the spinal cord (1920), devoted a chapter to 
them, reported three cases of his own and collected twenty cases from 
the literature. Since Antoni’s paper, Guleke has reported four cases in 
addition to the one included in Antoni’s series. Borchardt, in 1926. 
reported three cases. In an attempt to gather together what 1 was 
convinced is not so rare a form of tumor as the literature would indi- 
cate, I have read the case reports, when such have been presented, of 
the larger series of tumors of the cord reported in the past ten to fifteen 
years, and in addition, I have reviewed the literature, particularly on 
the tumors of the spine, of the ribs and of the sympathetic nervous 
system. It becomes apparent from such a study that hour-glass tumors 
have repeatedly been observed and reported, frequently without com- 
ment, occasionally with some reference to their peculiar growth. For 
example, Elsberg in 100 cases of tumors of the cord has seen 6; Dandy 
in 36 consecutive cases has observed 6, and others 1 or 2. From various 
sources, then, I have collected 41 cases (including 3 of my own) since 
Antoni’s report in 1920, making the total 64. In addition to these, there 
are 5 or 6 cases of enchondroma of the spine, which according to 
Valentine were of the hour-glass variety but the references were not 
available to me, and 11 cases whieh because of incomplete descriptions 
are doubtful. I am sure that many more cases which I have failed to 
discover lie buried in the literature. 


PATHOLOGY 


At first glance it appears that the hour-glass tumors include a great 
variety of pathologic conditions. But closer study shows that they 
arise from a fairly restricted region and pathologically include only a 
limited number of tumors. Of the sixty-four cases of hour-glass 
tumors which are fairly definite, six are called neurinomas; twelve, 
neurofibromas; five, neuromas; six, fibromas; five, ganglioneuromas 
arising from the sympathetic chain; one, lipoma; four, chondromas; 
seven, fibrosarcomas ; ten, sarcomas (seven sarcomas, one giant cell sar- 
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coma, one psammosarcoma, one angiosarcoma ) ; and one each a spongio- 


blastoma, malignant neuroblastoma, chondrosarcoma, leiomyoma and 


“congenital tumor.” In three cases, the pathologic diagnosis is not 


stated but such descriptions as are given suggest in two an origin from 
the dura or nerves. The neurinomas, neurofibromas, neuromas and 
fibromas are almost certainly of neurogenic origin. In all probability 
a goodly number of the fibrosarcomas and sarcomas reported have had 
a similar origin, and whether they were true sarcomas or forms of 
endothelioma or fibroma is questionable. The fact that there was in 


some complete cure or failure of recurrence over long periods follow- 




















Fig. 1—Hour-glass tumor compressing the spinal cord and extending into the 
mediastinum; case 4 under Tumors of the Dorsal Region (Guleke). 


ing removal does not of itself speak against sarcoma, but does suggest 
a benign form. Similarly, the question arises whether certain other 
tumors are not of neurogenic origin. The tumor called a giant cell 
sarcoma might well be a neuroma, for others (Dandy and others) 
have observed similar tumors with giant cells. The tumor called 
psammosarcoma might be .classed with the tumors described by Naff- 


ziger as psammofibroblastoma. The congenital tumor described by 


Dandy may have had a neurogenic origin. The leiomyoma may well 


be a neurinoma as suggested by Borchardt. The cases of spongio- 
blastoma and malignant neuroblastoma are certainly of neurogenic 
origin. In all likelihood the large majority of the hour-glass tumors 
have had an origin from the membranes of the cord (dura, particularly) 
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or from the ganglions and nerve roots. ‘That true sarcomas have 
occurred in this series is, however, undoubted and it is not implied that 
the hour-glass tumors are all benign. Such malignant tumors may have 
arisen from the ligaments of the vertebrae and from the adjacent para- 
vertebral fasciae, although the point of origin is not often clearly 
stated. Five of the hour-glass tumors are ganglioneuromas arising from 
the sympathetic nervous system. Five are chondromas (one chondro- 
sarcoma) arising from the intervertebral disks (an unlikely origin 
according to some), articular surfaces of the vertebrae or heads of the 
ribs. One is a lipoma (three of the eleven doubtful cases also are 
lipomas ) arising apparently from the epidural fat. It thus appears that 
the hour-glass tumors thus far described have arisen from the mem- 
branes, the ganglions and nerve roots of the spinal cord, from the liga- 
ments and fasciae in or about the vertebrae, from the cartilage of the 
articular surfaces of the vertebrae and ribs, from the intraspinal epidural 
fat and from the sympathetic nervous system. The great majority of 


these tumors have been benign, encapsulated growths; a few have been 
definitely malignant. 


For the purpose of further discussion these tumors may be con- 
veniently grouped according to the region in which they occurred into 
cervical, dorsal and lumbosacral tumors. Of the sixty-four cases, 
eighteen occurred in the cervical, thirty-seven in the dorsal and eight in 
the lumbosacral region. In one case (Antoni), the condition was gen- 


eral, and multiple tumors occurred throughout the length of the cord. 


TUMORS IMPLICATING THE CERVICAL SPINAL CORD 


A study of the eighteen cases of cervical hour-glass tumors shows 
that twelve are grouped pathologically as neurinomas, fibromas, neuro- 
fibromas and fibrosarcomas. One is called a leiomyoma; one, a con- 
genital tumor, and two, sarcomas. In two cases, the diagnosis is not 
given, but in both the tumors were circumscribed. In only one of the 
series (Hildebrand, sarcoma) was the tumor such that it could not be 
completely removed from the spinal canal. It is apparent, therefore, 
that almost invariably the tumors were benign encapsulated growths. 

In anatomic relation to the spinal cord, spine and paravertebral struc- 
tures, these tumors fall into several groups: 


(a) Intraspinal Tumors.—This type of tumor lies within and with- 
out the dura, the constricted portion of the tumor being at the point 
where the tumor penetrates the dura with a nerve root. The tumors 
did not extend into the intervertebral foramen nor were they associated 
with a paravertebral tumor. Three cases belong to this group. 


(b) Intraspinal (Both Intradural and E-xtradural), and Paraverte- 
bral Tumors.—These tumors lie within and without the dura, extending 
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through the intervertebral foramen and being connected with a tumor 
of the neck or mediastinum. In this group there are two points of 
constriction, one where the tumor penetrates the dura, the other where 
it occupies the intervertebral foramen. Five cases belong to this group. 


(c) Intraspinal (Extradural Only), and Paravertebral Tumors.— 
These tumors are extradural with relation to the spinal cord and con- 
nected with a process which occupies the intervertebral foramen and 
which in turn is connected with a tumor of the neck. Ten cases occur in 
this group (figs. 2, 3 and 4). 

Of the eighteen cases, therefore, in three the tumor was confined 
entirely to the intraspinal canal. In the remaining fifteen cases, the 
tumor was both intraspinal and paravertebral. Of these, the para- 








Main Tumor 
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Fig. 2.—Hour-glass tumor (“Cervical Neurofibroma”) of the cervical region 
presenting a tumor of the neck; case 14 under Tumors of the Cervical Region 
(Elsberg). Photograph of patient shown in figure 11. 


vertebral tumor occurred in the neck in fourteen instances and in the 
superior mediastinum in one instance. Of the fourteen tumors of the 
neck, eleven were visible and palpable tumors, presenting in the anterior 
or posterior triangles of the neck from the mastoid region to the clavicle ; 
three were not discovered before operation or autopsy but judging from 
the size of the tumors in two of the cases, they should have been easily 
palpable in the supraclavicular space. 

The size of the intraspinal tumors, whether intradural or extradural, 
or both, has naturally varied within narrow limits according to the size 
of the spinal canal. The majority are described as small (i.e., the size 
of a hazelnut) ; a few at the lower end of the spinal canal were larger 
(i.e., the size of a walnut). In the majority of instances they have been 
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firmly elastic, encapsulated growths compressing but not otherwise 
implicating the cord. Their attachments have varied; in some instances 
they have been firmly attached to and appeared to arise from the dura; 
in other instances they have been attached to or appeared to arise from 
the nerve roots or ganglions, and in still other instances they have had 
no apparent connection with the dura, nerves or ganglions. 


The paravertebral tumors have shown a greater variation in size 
from that of a plum to that of an orange. As previously noted, eleven 








Fig. 3—Hour-glass tumor of cervical region presenting a large tumor of the 
neck; autopsy specimen; case 15 under Tumors of Cervical Region (Flateau and 
Sawicki). 


of the fourteen paravertebral tumors which occurred in the neck were 
visible and palpable. They presented in the anterior or posterior 
triangles of the neck from the mastoid region to the clavicle, were 
spherical or elongated, and were hard and elastic. Some of the tumors 
were superficial, circumscribed and freely movable; others were deeply 
situated beneath the sternomastoid, more or less indefinite in outline, 
and rather fixed. They occasionally impinged on the brachial plexus 
and other nerves without involving them, but in two instances they 
were formed by the tumorous enlargement of a cord of the brachial 
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plexus. In these two instances the paravertebral tumor was not dis- 
covered before operation or autopsy, but probably would have been had a 
careful examination been made. In a third case, a soft, gelatinous tumor 
the size of a walnut lay against the second and third cervical vertebrae, 
and was found only at autopsy. In the single instance of paravertebral 
mediastinal tumor in this group, the tumor was sufficiently large to 
cause dulness in the apical region and to cast a definite shadow in the 
x-ray film. 





Fig. 4.—Hour-glass. tumor of the cervical region presenting a large tumor of 
the neck; dissection of tumor at autopsy (Flateau and Sawicki). 


TUMORS IMPLICATING THE DORSAL SPINAL CORD 


Of the thirty-seven cases in this group the neuromas (five), the 
neurinomas (five), neurofibromas (six), and fibrosarcomas (five) com- 
prise twenty-three and have evidently had their origin from the mem- 
branes of the cord, the nerves and the ganglions. Five of the 
thirty-seven are ganglioneuromas arising from the sympathetic chain, 
five are chondromas (one called a chondrosarcoma) arising from the 
cartilage structures of the vertebrae and ribs, and three are sarcomas, 
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the origin of which is indefinite. In one case, the pathologic diagnosis 
is unknown. Of the three tumors called sarcomas, two (Guleke and 
Brunschweiler) were hard encapsulated growths adherent to the dura 
but easily separated from this membrane, and one (Dandy) was called 
an angiosarcoma, the intraspinal portion of which apparently disap- 
peared under radium therapy and the mediastinal part of which failed to 
show any increase in size over a five year period gf observation. It is 
evident, therefore, that the large majority of the tumors in this group 
also were benign. 

Following the classification used in describing the cervical tumors, 
the thirty-seven dorsal tumors fall into the following groups: 


(a) Intradural and extradural only, five cases. 
(b) Intradural and extradural arid paravertebral, two cases. 
(c) Extradural and paravertebral, twenty-eight cases. 


(d) Paravertebral and foramenal (no proved intraspinal tumor), two cases. 


Of the thirty-seven cases in this group, therefore, five were asso- 
ciated with tumors which were confined entirely to the intraspinal canal. 
In the remaining thirty-two cases, the tumor was both intraspinal and 
paravertebral (thirty cases) or paravertebral only (two cases). In the 
two cases classed as paravertebral and foramenal, the tumor occupied 
the mediastinum and presented a pedicle or process which entered the 
intervertebral foramen, but failed to have an intraspinal tumor suf- 
ficiently large to cause compression symptoms of the cord (figs. 5 and 6). 
Of the thirty-two cases in which paravertebral tumors were present, 
these presented in the back alone in three cases (fig. 7), in the medias- 
tinum alone in twenty-five cases (fig. 8), and in both back and medi- 
astinum in four cases (fig. 9). In the last group the paravertebral 
tumor was divided into two portions, one of which lay in the muscles 
of the back, the other in the posterior mediastinum. Of the seven cases 
in which tumors of the back occurred, these were visible or palpable 
in four instances, and not palpable or not noted to have been palpable in 
three instances (operative or autopsy observations). In the twenty- 
nine cases in which mediastinal tumors were present, positive roentgen 
evidence of the tumor was recorded in sixteen. In only one case roent- 
gen examination failed to show a tumor subsequently found at operation 
or autopsy. In twelve cases there are no records that roentgenograms 
of the chest were taken. It is probable that in the great majority of 
cases the roentgenograms would have demonstrated the tumor if careful 
x-ray studies had been made. 


In thirty-five of the thirty-seven cases an intraspinal tumor was 
present and caused compression symptoms of the cord. In two cases an 
intraspinal tumor was either absent, or at least failed to cause compres- 
sion symptoms. In these two cases a laminectomy was not performed, 
and the true condition present remains doubtful. The intraspinal tumors 
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were in general small, the largest recorded being 4 by 2 cm. in diameter. 
Almost without exception they are described, when descriptions are 
given, as hard, circumscribed, encapsulated tumors. Not infrequently 
they have been attached to the dura, but usually have been separable 
from this structure. In four instances a nerve is described as entering 





Fig. 5—‘‘Pedunculated neurinoma” (analogous to hour-glass tumor) of the 
posterior mediastinum; case 5 under Tumors of Dorsal Region (Guleke). 
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Fig. 6—Diagram of the location of the pedunculated neurinoma; shown in 
figure 5 (Guleke). 


and being lost in the tumor ; in four they have been stated to have arisen 
from the ganglions. Often no attachments of the tumor, if any were 
present, are noted. 

The paravertebral tumors have varied in size from that of a plum to 
that of a lemon. They have extended into the muscles of the back, 
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pushing the muscles aside, and have been hard, elastic, circumscribed, 
encapsulated tumors without invasive tendencies. The paravertebral 
mediastinal tumors have been described as varying in size from that of 
a plum to that of an infant’s head. These, too, have been circumscribed 
tumors separable, as a rule, from the pleura. In the entire series of 
thirty-seven cases I have found but one in which at autopsy there was 
evidence of extension or metastasis of the tumor. In this case (Banse) 
tumor nodules were found in the spleen and portal vein. 














Fig. 7—Hour-glass tumor of the dorsal region presenting a paravertebral 


extension into the muscles of the back; case 4 under Tumors of the Dorsal 
Region (Guleke). 





TUMORS IMPLIC: 





ATING THE LUMBOSACRAL CORD 


Included in this smaller group of eight cases are one neurinoma, one 
fibrosarcoma, one lipoma, one ganglioneuroma, one spongioblastoma, 
one malignant neuroblastoma and two sarcomas. Four of the eight 
cases are, therefore, classed as malignant tumors. They were, however, 
so far as I can determine, circumscribed tumors which neither invaded 
the structures of the cord nor the muscles of the back. The case of 
lipoma is the only instance of this variety of tumor in the entire series, 
but I have found three or four doubtful cases of this variety of growth. 
The analogy between the hour-glass lipomas of the cord and those of 
the thorax will be discussed in a subsequent paragraph. 
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Fig. 8.—Semidiagrammatic representation of an hour-glass tumor of the dorsal 
region presenting a large mediastinal tumor; case 26 under Tumors of Dorsal 
Region (Borchardt). 
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Fig. 9.—Hour-glass tumor of dorsal region after removal; a, portion occupying 
the vertebral canal; b, portion extending into the muscles of the back; c, portion 
occupying a pocket in the vertebra; d, portion in the posterior mediastinum; case 4 
under Tumors of Dorsal Region (Guleke). 
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Anatomically the eight cases fall into the following groups: 





(a) Intradural and extradural only, two cases. 
(b) Intradural and extradural and paravertebral, two cases. 


(c) Extradural and paravertebral, four cases. 


Of the eight tumors in this group, therefore, two were entirely 
intraspinal although one of these presented a process which extended 
into the intervertebral foramen. Six were both intraspinal and para- 
vertebral. Of the six paravertebral tumors, these presented in the back 
in three instances, in the abdomen (retroperitoneal) in two instances, 
and in the pelvis in one instance. Of the three tumors of the back, two 
were visible and palpable; one gave no evidence of its presence before 
operation. Of the two intra-abdominal tumors (retroperitoneal), 
neither apparently was recognized before autopsy. The pelvic tumor 
was palpable per rectum, and its pedicle could be followed into an inter- 
vertebral foramen. 





The intraspinal tumors varied in size from that of a hazelnut to 
that of a walnut. As in the other groups they were circumscribed, 
encapsulated growths. The paravertebral tumors varied from a “ten 
pfennig piece” (palpable per rectum) to an enormous tumor of the 
back. One of the retroperitoneal tumors is described as the size of a 
man’s fist. These also were circumscribed growths. In one case of 
retroperitoneal tumor, however, nodules, presumably extensions or 
metastases, were found at autopsy in the adjoining mesentery. 





























MULTIPLE OR GENERALIZED 


THE 


HOUR-GLASS TUMORS OF 
CORD 






The single instance of multiple hour-glass tumors in this series 
occurred in the case of Antoni. The history and symptoms are briefly 
outlined in the abstract of the case report. At autopsy, multiple spinal 
tumors were found distributed along the cord, but those in the cervical 
region are of particular interest for present purposes (fig. 10). Every 
posterior spinal nerve root had a tumor intimately associated with it, 
these tumors being both intradural and extradural and constricted at the 
point where they penetrated the dura. A tumorous enlargement of the 
spinal nerves distal to the growths occupied each enlarged intervertebral 
foramen. Paravertebral tumors were present in the neck (brachial 
plexus) and in the mediastinum, where masses of tumors resembled an 
advanced lymphosarcomatosis. 





ORIGIN AND DIRECTION OF GROWTH 










An attempt has been made in the preceding pages to determine the 
origin of the hour-glass tumors and with only partial success. It can, 
however, be stated that they arise from the membranes, nerves and 
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ganglions of the cord, from the sympathetic nervous system, from the 
ligaments in or about the vertebrae, from the cartilage of the articular 
surfaces of the vertebrae and ribs, and rarely from the epidural fat. The 
larger number have arisen from the membranes, nerves and ganglions of 
the cord. A matter even more obscure are the factors determining their 
shape and their growth. Various authors commenting on their par- 
ticular cases have expressed the opinion that the tumors have arisen 
within the spine, have grown outward or extended through an inter- 
vertebral foramen and have enlarged again in the paravertebral struc- 
tures. Others have believed that the tumors arose without the spine 




















Fig. 10.—Specimen from patient with neurofibromatosis presenting symptoms 
of cord compression; multiple neurofibromas of the hour-glass type in the cervical 
region (Antoni). 


and grew through an intervertebral foramen to enlarge again in the 
intraspinal space. <A third group of observers have expressed the 
opinion that the tumors have arisen within the intervertebral foramen 
and have grown in both directions ; this is a more plausible view than the 
preceding two since the tumors in this instance would be growing in 
the line of least resistance. Still a fourth and later view (Coenen) is 
that these tumors take a passive, not an active, part in the determina- 
tion of their shape; that they are present as tumors, possibly as 
spherical tumors, before the development of the spine, and that the spine 
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in its development impinges on the tumors and constricts them and so 
gives them their hour-glass shape. 

In a consideration of these theories it is interesting to seek analogies 
to the hour-glass tumors of the cord in other parts of the body. (a) 
In a description of the intrathoracic lipomas* I have called attention to 
five or six cases in which the tumor has presented an intrathoracic and 
extrathoracic enlargement connected by a constricted portion which 
occupied a perforation in the thoracic wall between two ribs. Coenen 
has called attention to the same group and has added the case of Harms. 
These are, then, hour-glass tumors similar to those of the spinal cord. 

b) Certain of the fibrolipomas of the spinal cord associated with spina 
bifida occulta present similar characteristics. In a recent case a colored 
man presented a visible and palpable tumor over the lower end of the 
spine, a spina bifida occulta, a bilateral congenital clubfoot, trophic 
ulcers over the external aspect of the foot and perineum and sensory 
disturbances over the legs. At operation, a large fibrolipoma was found 
with a distinctly hour-glass shape. The outer part of the tumor lay 
under the skin and subcutaneous tissues, and the inner part occupied the 
enlarged spinal canal. Connecting the two was a constricted portion 
which closely filled the circular defect in the spine. (c) Certain of the 
dermoid cysts of the head are also similar. A child was seen recently 
whose parents had noted soon after birth a swelling over the occiput. 
n examination, there was a visible and palpable tumor under the scalp 
in the occipital region which narrowed to a pedicle. This pedicle seemed 
to disappear into a circular hole in the skull. The roentgenogram of 
the skull confirmed the bony defect. At operation, a dermoid cyst was 
found which was made up of an intracranial and extracranial part con- 
nected by a constricted portion which occupied the circular defect in the 
skull. (d) Other analogous conditions might be mentioned, 1.e., the 
rather rare upper epigastric hernia which apparently perforates the 
xiphoid, and the persistent thyroglossal duct which apparently perforates 
the hyoid bone. 

In these various conditions somewhat similar factors as regards the 
growth and shape of the tumors must obtain. It is a question whether 
an hour-glass tumor of the cord arising within the spinal canal would 
grow outward through an intervertebral foramen rather than follow a 
line of lesser resistance along the cord, or arising paravertebrally would 
grow inward through a foramen rather than enlarge paravertebrally. 
Similarly, it is a question whether a soft tumor like a lipoma arising 
either within or without the thoracic cage would perforate the rigid 
wall of the chest rather than grow locally within or without the thorax. 


1. Heuer: Thoracic Tumors, in Lewis Dean: Practice of Surgery, Hagers- 
town, Md., W. F. Prior Co., 1928; Surgery of the Thorax, in Nelson’s Loose-Leaf 
Surgery, New York, Thomas Nelson & Sons, 1928. 




















HEUER—TUMORS OF SPINE 949 


The same question applies to the dermoid cysts of the head whether 
they apparently perforate the skull in the occipital or temporal regions. 
The thought occurs, then, as Coenen suggests, that the tumors are laid 
down as such before the complete development of the skeleton and that 
they are impinged on and constricted so as to assume an hour-glass 
shape by the growth of the skeleton. In the foregoing case of spina 
bifida occulta in which the constricted portion of an hour-glass tumor 
occupied the defect in the spine, it would appear more likely that the 
failure of fusion of the laminae was due to the interposition of a fibro- 
lipoma which antedated the fusion of the laminae than that a fibrolipoma 
just happened to occupy an unexplained defect in the spine. 

The questions of the factors determining the shape and direction of 
growth of these tumors cannot be settled with the data available at the 
present time. It would, however, appear to me that Coenen’s idea has 
much to recommend it and serves to explain certain characteristics of 
these tumors otherwise difficult of explanation. 


SYMPTOMATOLOGY 


There is little to be said about the symptomatology and the clinical 
signs of the hour-glass tumors. The outspoken symptoms, with only 
two exceptions, have been those due to compression of the spinal cord 
and have differed in no way from those of other tumors of the spinal 
cord. They need not again be detailed. They have either almost com- 
pletely overshadowed other symptoms or other symptoms have been 
strikingly absent. In the group of hour-glass tumors of the cervical 
region, tumors of the neck, as previously noted, were visible and 
palpable in eleven cases, and were present but not palpable in three cases. 
Aside from their presence, these tumors failed to give rise to any note- 
worthy symptoms. They were slow growing, painless tumors. The 
single mediastinal tumor in this group was large enough to give physical 
signs (dulness on percussion over the apical region) and cast a shadow 
in the x-ray plate but was unassociated with symptoms. 

In the group of hour-glass tumors of the dorsal region, tumors of 
the back were present in seven cases and tumors of the mediastinum in 
twenty-nine cases. Four of the seven tumors of the back were visible 
or palpable; three were discovered only at operation or autopsy. Pain 
in the back was complained of in some cases, but was no doubt rightly 
ascribed to the cord lesion. Except for pain, there were no symp- 
toms with reference to these tumors. Of the twenty-nine mediastinal 
tumors, eleven were associated with symptoms such as pain in the back 
(five cases), pain in the abdomen and side (five cases), and cough and 
dyspnea (two cases). The pain in the back and abdomen may well have 
been the result of the spinal rather than of the mediastinal tumor. In 
nine cases there were no symptoms referable to the mediastinal tumor, 
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and in nine there are no records of symptoms. Physical signs, such as 
dulness on percussion, were present in four cases, absent in sixteen and 
not stated in nine. A roentgenogram of the chest positively demonstrated 
the medistinal tumor in sixteen cases and failed to show it in one case. f 
In twelve cases there are no records of roentgen examinations. The 

absence of thoracic symptoms is probably due to the facts that medias- 
tinal or intrathoracic tumors generally may fail to provide symptoms 
unless they implicate certain important structures, and that the tumors 
in this group of cases were usually small. Although the size of the | 
tumors is not always stated, it would appear that only four (Guleke, 
Dandy, Heuer, Stout) were large. 





In the group of hour-glass tumors of the lumbosacral region, tumors 
of the back were present in three cases, of the abdomen in two cases 
/ of the pelvis in one case. Two of the three tumors of the back were 
visible and palpable, but as a group they were without symptoms. The 
two patients with retroperitoneal intra-abdominal tumors were appar- 
ently without symptoms, and the tumors were not discovered during 
life. In the case of pelvic tumor there were no symptoms, but the 
tumor was palpable on rectal examination. 


DIAGNOSIS 





Recognition of the true nature of the hour-glass tumors has 
been rare. The symptoms of cord compression have, of course, been 
recognized and the diagnosis of tumor of the cord has almost invariably 
been made; but in the past, at least, the association between the tumor 
of the cord and a tumor of the neck, the back or the mediastinum, has 
only been recognized at the operating or autopsy table. More recently, 
observers especially interested in the subject (Guleke, for example) and 
on the outlook for this condition have made positive diagnoses. The 
most important matter in the diagnosis of the hour-glass tumors is 
the recognition of the fact that these tumors occur. Granted this, the 
presence of symptoms of tumor of the cord combined with the presence 
of a paravertebral tumor at a level corresponding with that of the 
tumor of the cord strongly suggests an hour-glass tumor. The routine 
examination of patients with possible tumors of the cord should include 
iB not only a careful neurologic examination but also, depending on the 
level of the spinal lesion, a careful examination including a roent- 
genogram of the neck, the thorax, the back, the abdomen and the pelvis. 
Otherwise, a paravertebral tumor may well be missed. 


TREATMENT 





In 1925, Elsberg stated that “up to recent years, an extradural 
tumor that was an extension inward of a growth in the soft tissues of 
the back or in the posterior mediastinum, or that, vice versa, had 
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extended outward into the soft parts of the back or between the ribs 
was considered irremovable.” This point of view, as Elsberg rightly 
stated, will have to be changed. Indeed it has been changed, and more 
and more of the hour-glass tumors are being attacked successfully. I 
have attempted to show that the great majority of hour-glass tumors 
of the spinal cord thus far reported are benign, encapsulated, enucleable 
growths and lend themselves satisfactorily from this standpoint to 
operative removal. The technical difficulties attending their removal 
are by no means insurmountable, nor is the operation necessarily severe. 
Depending on the patient’s condition, the operation may be done in one 
or two stages, and the two-stage operation will undoubtedly come into 
question if the paravertebral tumor be especially large or its removal 
likely to be attended with difficulties. In small paravertebral tumors, 
whether these lie in the neck, mediastinum or back, a one-stage opera- 
tion is probably desirable. 


The primary attack should, I think, be directed to the spinal tumor 
(laminectomy) if spinal cord symptoms are present, not only because of 
the urgency of these symptoms but also because experience has shown 
that often the paravertebral tumors of the back, the neck or the 
mediastinum may be removed through the operative wound intended 
for the removal of the spinal tumor. A review of the operative experi- 
ences in the treatment of the hour-glass tumors is helpful in determining 
the method of approach and brings forth some interesting observations. 


Of the eighteen patients with hour-glass tumors of the cervical 
region, eleven were subjected to operation ; seven died without an opera- 
tion having been performed and came to autopsy. The eleven patients 
subjected to operation may be grouped as follows: 

(a) Primary operation directed toward the removal of the intra- 
spinal tumor, five cases: 


(1) In one case a paravertebral tumor was not present (intradural 
and extradural only). 


(2) In one case a paravertebral tumor (tumor of the neck) was not 
discovered at operation but was observed at autopsy. 


(3) In one case the paravertebral tumor (tumor of a cord of 
the brachial plexus) was not removed. 


(4) In one case the tumor of the neck was removed together with 
the intraspinal tumor through the laminectomy wound. 


(5) In one case a paravertebral tumor was not apparent at the time, 
although a pedicle of the extradural tumor entered the intervertebral 
foramen. This was tied off. Nine years later, the patient presented 
herself to another surgeon with a large visible tumor of the neck and 
with a recurrence of cord symptoms. At a second operation, nine years 
after the first, a tumor the size of a lemon was removed from beneath 
the main blood vessels of the neck. It narrowed to a pedicle 2°cm. in 
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diameter which entered an intervertebral foramen. There was again 
the recovery from the cord symptoms. 


(b) The primary operation directed toward the removal of the 
tumor of the neck, five cases: 


(1) In two of the cases there were apparently no spinal cord 
symptoms present at the time of the removal of the tumor of the neck. 
These appeared a short time after the first operation. In both cases a 
process of the tumor extending into the intervertebral foramen was 
observed at the primary operation. Both patients were later subjected 
to a laminectomy, and the spinal tumor removed. 


(2) In two cases spinal cord symptoms were present but the primary 
operation, nevertheless, consisted in the removal of the tumor of the 
neck. In one, the intraspinal tumor was removed through the enlarged 
intervertebral foramen by the help of traction on the pedicle of the 
tumor of the neck. In the other, traction on the pedicle which disap- 
peared into the intervertebral foramen was followed by a sudden gush 
of cerebrospinal fluid. The pedicle was tied off and the operation 
abandoned. (The patient recovered from the spinal cord symptoms. ) 

(3) In one case with spinal cord symptoms, the primary operation 
again consisted in the removal of the tumor of the neck. The pedicle 
entering the intervertebral foramen was tied off. Ten days later, a 
laminectomy was done and the intraspinal tumor removed. 

(c) The primary operation directed toward the removal of a 
mediastinal tumor, one case: 

The patient presented cord symptoms, dulness over the right apex 
of the lung and a mediastinal shadow in the x-ray films. The mediastinal 
tumor was apparently without symptoms. It was removed in two 
stages. During the second operation, and after e removal of the 
mediastinal tumor, a laminectomy was done but no .pinal tumor found. 
The patient died, and the intraspinal tumor was found at a higher level 
at autopsy. 

Of the thirty-six patients with hour-glass tumors of the dorsal region, 
twenty-nine were subjected to operation; eight died without an opera- 
tion having been performed, of which seven came to autopsy. In some 
of the eight cases data are lacking, so that this statement may not be 
correct literally. In the eight cases, two patients had pressure sores 
which prevented a laminectomy and one entered the hospital unconscious 
and died before a diagnosis had been made. The twenty-nine patients 
who were subjected to operation may be grouped as follows: 

(a) The primary operation directed toward the removal of the 
tumor of the cord, twenty-five cases: 

(1) In three cases no paravertebral tumor was present and the 
operation consisted simply in the removal of the intradural and extra- 
dural tumors. 
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(2) In seventeen cases the tumors of the cord, the mediastinal 
tumors and the tumors of the back were all removed through the pri- 
mary laminectomy incision at one sitting. The removal of the medi- 
astinal tumors sometimes required the resection of the transverse 
processes of the vertebrae and the articular ends of one or more ribs, 
but this was accomplished without great difficulty through the posterior 
incision. 

(3) In four cases the primary laminectomy was terminated with the 
removal of the tumor of the cord only, and the mediastinal tumors were 
left untouched ; nor was the mediastinal tumor subsequently removed, so 
far as the records indicate, in the one patient who survived. In three of 
the four cases death followed soon after the laminectomy, and it is pre- 
sumed that the patients’ condition made necessary the termination of 
the operation. 


(4) In one case the primary operation consisted in the removal of 
the tumor of the cord. One month later, a thoracotomy was performed 
and the mediastinal tumor removed. The two operations were per- 
formed by different surgeons. 


(b) The primary operation directed toward the removal of the 
tumor of the mediastinum (three), or back (one) : 

(1) In two of the three cases of mediastinal tumor, there were no 
cord symptoms at the time of operation and the rationale of the proce- 
dure was sound. 

(2) In the third case, cord symptoms were present, but the 
mediastinal tumor was explored first. It appeared inoperable, and both 
it and the cord lesion were treated by radium. The cord symptoms 
disappeared but the shadow of the mediastinal tumor remained the same. 
Five years afterward, the patient was free from symptoms. 


(3) In the one case in which a tumor of the back and loin was 
removed at a primary operation, the cord symptoms markedly improved, 
and it was presumed that the removal of the paravertebral tumor allowed 
sufficient dislocation of the tumor of the cord to relieve the cord 
symptoms. The late results in the case are not known. 


Of the eight patients with hour-glass tumors of the lumbosacral 
region, five were subjected to operation; three apparently were not 
operated on and came to autopsy. The five cases in which operation 
was performed may be grouped as follows: 

(a) The primary operation directed toward the removal of the 
tumor of the cord, four cases: 

(1) In one case no paravertebral tumor was present and the opera- 


tion consisted in the usual laminectomy with removal of the tumor of 
the cord. 
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(2) In two cases the paravertebral tumors (tumor of the pelvis ; 
tumor of the back) were removed through the primary laminectomy 
incision. 

(3) In one case neither the tumor of the cord nor the tumor of the 
back was removed. The tumor was considered inoperable. 

(b) The primary operation directed toward the removal of the tumor 
of the back, one case: 

The patient died following the removal of this tumor, and the tumor 
of the cord was found at autopsy. 

The patient with multiple hour-glass tumors was subjected to opera- 
tion, the operation consisting in a laminectomy for the relief of 
pressure symptoms of the cord. The tumor of the cord was removed. 
The patient died, and the multiple tumors were found at autopsy. 

Summary of Operative Treatment.—The foregoing analysis would 
suggest the following remarks: 


1. In the hour-glass tumors of the cervical region associated with 
paravertebral tumors, the primary approach,.should be directed to the 
removal of the tumor of the cord, but chiefly because of the urgency of 
the cord symptoms. The feasibility of removing a paravertebral tumor 
of the neck or mediastinum through the laminectomy incision and at the 
same sitting will depend on the location of the paravertebral tumor. If 
its location is such as not to lend itself easily to removal through the 
laminectomy incision, it is perhaps better to remove it through another 
incision either at the same time or at a subsequent sitting. In the past 
experience, only one of the paravertebral tumors has been removed 
through the primary laminectomy incision (Elsberg). In another case 
removal was possible but the tumor was not discovered. The interesting 
experience of Elsberg and Rixford (case 13, under “Tumors of Cervical 
Region”), in which a tumor of the neck and the recurrence of cord 
symptoms appeared eight or nine years after the original laminectomy, 
suggests the careful removal in all cases of that portion of the tumor 
occupying the paravertebral foramen, for it is possible that this is the 
site of origin of the tumor and of recurrence. 


2. In the hour-glass tumors of the dorsal region associated with 
paravertebral tumors, the primary approach again should be directed to 
the removal of the tumor of the cord, not only because of the urgency 
of the cord symptoms but because of the possibility of removing, through 
the primary incision and at the same time, the paravertebral tumor. In 
twenty of the twenty-nine patients subjected to operation, the operation 
was completed at one sitting, in seventeen of which a tumor of the 
mediastinum or of the back was removed with the tumor of the cord. 
From a survey of the reported cases there seems no good reason for 
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attacking the mediastinal tumor primarily. In only two cases in which 
at the time there were no cord symptoms did the procedure appear 
rational. 


3. What has been said of the hour-glass tumors of the dorsal region 
applies equally to those of the lumbrosacral region. A primary lamin- 
ectomy may permit the removal, through the same incision and at the 
same time, of a tumor of the back or pelvis. An exception may well be 
the occasional retroperitoneal tumor, which if discovered may have to be 
approached through an abdominal incision. 


Results —Of the sixty-four cases assembled, forty-six of the patients 
were operated on; eighteen were either not operated on or data regard- 
ing operation were missing in the reports available to me. Of the 
eighteen patients, all died and seventeen came to autopsy. 


Of the forty-six patients operated on in one or two stages, thirty 
recovered and nine died. In seven, the result is not stated. Of the nine 
patients who died following the operation, three died of complications 
(meningitis from cerebrospinal fistula, empyema followed by meningitis, 
pneumonia). The mortality rate, therefore, has been rather high, but it 
is to be remembered that a number of cases date back a good many 
years. Of the thirty patients who recovered, there was complete or 
almost complete disappearance of the cord symptoms in twenty-three, 
improvement in the cord symptoms in three, no improvement in two, 
and an unknown result in one. In one patient operated on primarily for 
a mediastinal tumor and in the absence of cord symptoms, there was 
improvement in the thoracic pain. 


The records of late results leave much to be desired. In twenty-one 
of the thirty cases, the late results are not given. Three patients were 
well from three to twelve years, one of whom after five years still 
presented a symptomless intrathoracic tumor. Two patients were 
improved at the expiration of five years, but retained residual symptoms. 
One patient was well four months. One was unimproved at the expira- 
tion of six months. One patient, completely recovered from her cord 
symptoms, subsequently appeared with disseminated tuberculosis: One 
patient, well for nine months, developed a recurrence of his symptoms 
and died, in the author’s opinion of a recurrence of the tumor. 

Abstracts of the cases included in this study are appended in the 
following pages. 


CASES OF HOUR-GLASS TUMORS OF THE CERVICAL REGION 


Case 1.2—A man, aged 37, for nine months had weakness and stiffness in the 
left leg, then in the left arm, but without pain. Six months later, there developed 
a Brown-Séquard hemiparalysis corresponding to the sixth dorsal segment. Three 


2. Bing and Bircher: Deutsche Ztschr. f. Chir., 1909, vol. 98, quoted by Antoni. 
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months later, a disturbance in motion in the left upper arm and sensory changes 
to the level of the third rib were noted. Nine months after the beginning of the 
cord symptoms, a smooth tumor, the size of an egg and deeply situated, was found 
in the left supraclavicular triangle. The connection between this tumor and the 
tumor of the cord was not evident, and therefore it was decided to perform an 
exploratory operation. The tumor of the neck was easily surrounded and it was 
found that a process of the tumor, the size of a lead pencil, entered the inter- 
vertebral foramen between the fifth and sixth cervical vertebrae. The tumor of 
the neck was removed. Ten days later, a laminectomy was done and an extradural 
tumor found. The pathologic diagnosis was fibrosarcoma. 

Case 2.83—A girl, aged 16, had compression symptoms of the spinal cord, and 
at autopsy an extradural tumor the size of a walnut was found on the left side 
of the vertebral canal. This tumor had made, and lay, in a deep nest in the 
vertebra. It narrowed toward the dura and penetrated this membrane at the site 
of perforation of a nerve root. Within the dura, the tumor again enlarged to 
form an intradural tumor the size of a hazelnut. The tumor was firmly attached 
to the dura and deeply indented the cord. It lay at the level of the sixth cervical 
to the first dorsal segments. The cut surface of the tumor looked like that of 
the uterus. A nerve or nerves entered the tumor and disappeared within its sub- 
stance. The pathologic diagnosis was not given, but the description suggests 
nerve cells and fibers indicating that the tumor had a neurogenic origin. 

CasE 3..—A woman, aged 31, began to have paralysis in the right leg and 
later, a spastic paralysis of both legs. Flaccid paralysis of the right arm devel- 
oped, then of the left arm. There was paralysis of the bladder and rectum and 
anesthesia up to the third rib. The duration of illness was one year and eight 
months. Operation was refused. At autopsy, there was found a pure fibroma of 
the seventh cervical nerve, the size of a walnut, which was both intradural and 
extradural, and which extended outward through the intervertebral foramen to 
involve the brachial plexus. It was the opinion of the authors that the tumor 
arose extravertebrally because the larger portion of the tumor occupied this posi- 
tion. The pathologic diagnosis was fibroma. 

Case 4.5—A woman, aged 52, had been ill two years with compression symp- 
toms of the cord. At autopsy, there was found just below the sixth cervical 
segment a tumor which in general was spindle shaped and 5.5 cm. long. Its 
greatest diameter was opposite the seventh cervical segment, the right root of 
which showed great thickening. The tumor was adherent to the pia and dura. It 
continued outward, and perforated the dura, and enlarged outside this membrane 
to form an extradural tumor. The site of perforation of the dura was presumably 
that of a nerve root. The intradural portion of the tumor had caused marked 
compression of the cord. The pathologic diagnosis was fibrosarcoma. 

Case 5.8—A boy, aged 14, had been ill a year with compression symptoms of 
the cord. At operation, a tumor of the neck was exposed; it was the size of a 
goose egg, with a thin connective tissue capsule, and apparently attached to the 
spinal accessory nerve. In the dissection, the nerve, however, was easily separated 
from the tumor. A branch of the brachial plexus required division because of its 
intimate connection with the tumor. After freeing the tumor, it was found that 
it possessed a finger-like process, which extended into the enlarged intervertebral 


3. Meyer: Deutsche Ztschr. f. Nerven., 1902, vol. 22; cited by Antoni. 
4. Zinn and Koch: Charité-Ann. 25: 117, 1900; cited by Antoni. 
5. Feutchtwanger: Inaug.-Diss., Miinchen, 1909; cited by Antoni. 
6. Boerner: Deutsche Ztschr. f. Chir. 67: 309, 1902; cited by Antoni. 
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foramen between the fifth and sixth cervical vertebrae. In the removal of the 
tumor, this process was torn across. The remainder of the tumor within the inter- 
vertebral foramen, which is described as the size of a hazelnut, was removed 
without doing a laminectomy. The tumor then was apparently intraspinal but 
extradural. After operation, the symptoms of cord compression disappeared. 
Pathologically, the tumor was called a cellular fibroma. 


Case 6.7—A man, aged 26, had compression symptoms of the cord. At opera- 
tion, a bilobed tumor was found, one portion intradural, the other extradural, lying 
about the level of the fifth cervical segment. The intradural portion of the tumor 
compressed the cord on the right, and was connected with the extradural portion 
by a narrowed segment, involving the nerve roots, one of which penetrated the 
intervertebral foramen and formed a large tumor of the lower-most cord of the 
right brachial plexus. There is no note that the extravertebral portion of the tumor 
was palpable in the neck, but from its size it should have been palpable. 
Pathologically, the tumor was called a fibroma. 


Case 7.\—A man died with compression symptoms of the cord. At autopsy, 
an extradural tumor was found, the narrowed portion of which passed through the 
intravertebral foramen between the second and third vertebrae, to be continuous 
with a freely movable tumor, the size of an orange, in the upper posterior triangle 
of the neck. From the description it would appear that there was also an intra- 
dural tumor, for the author stated that the tumor was quite distinct from the cord 
and that the arachnoid membrane could be readily separated from it. Pathologic- 
ally, the tumor was called a fibroma. 


Case 8.°—A woman, aged 37, since her tenth year had a tumor at the right 
side of the neck behind the angle of the jaw; it grew slowly, was covered by the 
sternomastoid, and consisted of two or three nodular masses, well circumscribed 
and movable. A diagnosis of adenofibroma of the parotid was made. An opera- 
tion was performed for extirpation of the tumor. It was found that upward the 
tumor narrowed and disappeared into the vertebral canal by a process the thickness 
of a finger, which penetrated through the intervertebral foramen between the 
second and third cervical vertebrae. On traction on this part of the tumor, a 
process 4 cm. long was drawn out of the intervertebral foramen. There was a 
sudden gush of cerebrospinal fluid, which led the operator to tie off the process, 
and abandon the operation. The patient recovered with perfect return of function. 
The author believed that the tumor arose from the dura. 


Case 9.°—A child, aged 9 months, showed at autopsy a tumor of the cervical 
spine which consisted of three distinct portions, all connected by a narrow bridge 
of tumor tissue. The extravertebral portion of the tumor was of considerable 
size and lay to the left of the lower cervical spine partly above and partly below 
the clavicle. This cervical tumor was connected with the intraspinal (extradural) 
portion of the tumor by a constricted bridge of tumor tissue which occupied the 
intravertebral foramen. The extradural tumor again was connected with an intra- 
dural tumor by a constricted part which passed through a nerve opening in the 
dura. The intradural tumor was larger than the extradural and markedly com- 
pressed the cord. The tumor was called a round cell sarcoma. 


7. Schultze: Mitt. a. d. Grenzgeb. d. Med. u. Chir., 1903, vol. 12; cited by 
Antoni. 


8. Dowse: Brit. M. J. 2:292, 1874; cited by Antoni. 
9. Heurtaux: Abstr., Zentralbl. f. Chir., 1899, p. 1076; cited by Antoni. 
10. Bruns: Handbuch der Nervenkrankheiten des Kindesalters, 1912, p. 301. 
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Case 10.°—The details of the case are incomplete. A tumor was seen which 
presented in the neck and which extended through an intervertebral foramen into 
the vertebral canal involving and compressing the dura. There was marked com- 
pression of the cord. The opinion was that the tumor was a neurofibroma, which 


arose from a sensory nerve root and extended outward through an intervertebral 
foramen. 


Case 11."—A boy, aged 9 years, had symptoms of a spinal hemiplegia for one 
year. On admission to the Marburg Hospital in June, 1913, the symptoms indi- 
cated compression of the sixth to the eighth cervical segments. There was dulness 
over the apex of the right lung. A roentgenogram showed a shadow in the right 
apical region interpreted as a sarcoma of the vertebra. At operation, an extra- 
pleural mediastinal tumor was found which was removed at a second operation. 
At the same time, the lamina of the second dorsal vertebra was removed but no 
intraspinal tumor was found. At autopsy, an egg-shaped extradural tumor sur- 
rounded in part the lower cervical cord. Its lateral border was ragged and it 
was here that the extravertebral mediastinal portion of the tumor was broken off 
at the time of the second operation. The intraspinal tumor measured 5.7 by 2.5 
by 2.5 cm. in diameter. Over its upper pole coursed the right fifth cervical nerve. 
The tumor partially surrounded the sixth to the eighth cervical segments as the 
symptoms indicated. Pathologic diagnosis was a neurofibroma arising from the 
spinal nerve. (The same case has been described by Erb.) 


Case 12.°—Briefly, the symptoms were as follows: There was neuralgia on the 
left side of the face for a number of years which was relieved by the extraction 
of some of the patient’s teeth. In 1915, the patient noticed a small growth on the 
right side of the neck which slowly increased in size and was accompanied by pain 
in the back of the neck. Five years later, he was operated on for a tumor of 
the neck; the tumor was as large as a hen’s egg and situated in the anterior 
triangle of the neck on the right. At operation, it was found to be located under- 
neath the large vessels, was adherent to the deep muscles of the neck, and lay 
against the transverse processes of some of the cervical vertebrae. The tumor 
was encapsulated and at one spot seemed to extend into an intravertebral foramen. 
The pedicle extending into the foramen was ligated and cut, and the entire growth 
removed. The pathologic diagnosis was leiomyoma of branchiogenetic origin. 

A few months before the operation for the removal of the cervical tumor, the 
patient began to suffer from pain in the back of the neck which radiated up into 
the head. Six months after the operation, he noticed that the right index finger 
was becoming weak, so that he could not move it as well as the other fingers. By 
August, 1921, he had little use of the right arm and diminished use of the right 
leg. There followed involvement of the left leg and the left upper arm. He was 
operated on at another hospital, in August, 1921, and a laminectomy in the lower 
cervical and upper thoracic region was performed. No tumor was found. The 
symptoms continued to advance until he was bedridden with almost complete loss 
of power in both upper and lower extremities. There was also incontinence of 
urine and feces. The examination will not be detailed. The symptoms were those 


of compression of the cord corresponding with the third cervical segment. The 
roentgenograms of the neck were negative. 


11. Berblinger: Miinchen. med. Wchnschr., 1918, p. 1901; cited by Antoni. 
12. Berblinger: Miinchen. med. Wchnschr. 61: 568, 1914. 


13. Elsberg, Charles A.: Tumors of the Spinal Cord, New York, Paul B. 
Hoeber, 1925, case XL, p. 120. 
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On Jan. 17, 1922, the arches of the second, third and fourth and part of 
the fifth cervical vertebrae were removed. An incision of the dura exposed a 
well encapsulated tumor firmly adherent to the dura about 3 by 2 cm. in size at 
the level of the second cervical segment. This tumor had a projection which 
extended through the dura at the level of the intervertebral foramen between the 
second and third cervical vertebrae. There was no extradural tumor, however. 
The diagnosis was leiomyoma, and a comparison of this tumor was made with the 
tumor removed from the neck, showing an identical pathologic picture. The 
patient recovered, and finally became practically well. 


Case 13.*—A girl, aged 12, one year before admission to the hospital, first 
noticed that the right leg was weaker than the left. At the same time she had 
some pain in the right shoulder and inner side of the right thigh. After three months 
the left lower and the right upper extremity began to grow weaker. A few 
months before entrance to the hospital the strength of the left arm also became less. 
There were steady advances in all symptoms. Frequent involuntary twitching of 
the legs developed. The patient had been bedridden for several months. Exam- 
ination showed diminution in the power of both upper extremities, more marked 
on the right, spastic paraplegia, and sensory disturbances. The roentgen examina- 
tion showed a localized loss of substance of the arches of the fourth, fifth and 
sixth cervical vertebrae. 

On May 31, 1912, laminectomy was performed. A large well encapsulated 
extradural tumor was found to the right and in front of the dural sac. There was 
a large cavity in the arches of the fourth, fifth and sixth cervical vertebrae from 
bone absorption. Some oozing from the cavity was controlled by bone wax.. The 
patient recovered and improved very rapidly. Three months after operation she 
was walking without assistance, and the power in the upper extremities almost 
completely returned. She returned to the hospital one year later with recurrence 
of symptoms. A second operation on Oct. 17, 1913, showed an encapsulated extra- 
dural mass, which, on removal, proved to be a small mass of wax with what was 
supposed to be tumor tissue around it. Microscopic examination, however, failed 
to show any evidence of tumor. The patient again recovered, and in 1921, eight 
years after the second operation, a letter from Dr. Emmett Rixford, of San Fran- 
cisco, stated that for one year the patient had had increasing signs of spinal com- 
pression at the seventh cervical level. In addition, there was a large round tumor 
on the right side of the neck beneath the sternomastoid muscle. At operation, 
performed by Rixford about nine years after the second operation, an encapsulated 
tumor the size of a fairly large lemon was removed from beneath the blood 
vessels. It possessed a pedicle which was about 2 cm. in diameter and which passed 
into the spinal canal through the intervertebral foramen between the fifth and sixth 
cervical vertebrae. Following this operation, the patient was again able to walk 
and was much improved. 

The pathologic diagnosis was fibrosarcoma. 


Case 14.°—Elsberg referred to and gave illustrations of a child who had 
paralysis of all four extremities and who presented a visible and palpable tumor 
in the left posterior triangle of the neck (figs. 11 and 2). Roentgen examination 
showed partial destruction of the fifth cervical vertebra. At operation there was 
found an extradural tumor which markedly compressed the cervical cord and which 
was continuous by a constricted portion through the intravertebral foramen with 
a large tumor of the posterior triangle of the neck. The tumor was completely 


14. Elsberg (footnote 13, case LV, p. 165). 
15. Elsberg (footnote 13, pp. 331 and 348). 
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and satisfactorily removed. The diagnosis was neurofibroma. Elsberg remarked 
that Flateau and Sawicki proposed the name of “cervical-neurofibroma” for dumb- 
bell shaped tumors that originate from nerve roots, one part lying within the spinal 
canal and the other part forming a tumor at the root of the neck. 


Case 15.%—The patient died, and postmortem examination showed an extra- 
dural tumor which was continuous, by two enlarged nerve roots passing through 
adjoining intravertebral foramina, with a large tumor occupying the region of the 
neck above the clavicle. The autopsy showed that this tumor could have been 
completely extirpated if the patient had been subjected to operative intervention 
(figs. 3 and 4). The tumor was called a neurofibroma. 

Case 16.°.—A girl, aged 14, presented a characteristic Brown-Séquard syn- 
drome. At operation, a tumor, considered congenital, was found filling the body 
of the sixth cervical vertebra. The tumor pierced the bony shell posteriorly and 
perforated the spinal dura laterally, where it flared out into an intradural tumor 
which compressed the cord. Nothing definite is stated regarding an extravertebral 





Fig. 11—Photograph of patient with a cervical hour-glass tumor showing a 
tumor of the left side of the neck; the operative observations are shown in figure 2 


(Elsberg). 


portion of this tumor, but the illustration which accompanies the case report sug- 
gests this (fig. 12). The tumor was considered congenital but its exact nature is 
not stated. 


Case 17.°—A woman, aged 37, presented symptoms of cord compression. 
Laminectomy was performed in the region of the second and third cervical ver- 
tebrae. On the anterior surface of the cord between the dura and the bone there 
was a grayish-red, very soft tumor, which was incompletely removed. The dura 
was opened, but there is no note as to an intradural tumor. Death occurred ten 
hours after operation. At autopsy there was found a paravertebral tumor, oval, 









16. Flateau and Sawicki: 
pp. 330 and 332. 

17. Dandy: Ann. Surg. 81: 223, 1925. 

18. Hildebrand: Arch. f. klin. Chir. 94: 203, 1911; cited by Guleke. 


Encéphale 17: 617, 1922; Elsberg (footnote 13. 
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the size of a walnut, very soft and gelatinous, lying between the second and the 
third cervical vertebrae. This paravertebral tumor connected with the tumor in 
the spinal canal, through the intervertebral foramen between the second and third 
cervical vertebrae. Microscopically, the tumor was a mixed cell sarcoma, with 


myxomatous degeneration. 


Case 18.°—In a patient, aged 40, a tumor diagnosed as a neurinoma, the size 
of a hen’s egg, lay on the right side of the neck, fairly high up. A process of the 
tumor, the thickness of a finger, followed the nerve through an intervertebral 
foramen. This was left behind at the time of the first operation and two months 
later caused compression symptoms of the cervical cord. A second operation, with 
a laminectomy, showed an extradural tumor at the level of the atlas. This tumor 
was removed, with disappearance of the compression symptoms. 























Fig. 12.—Hour-glass tumor of the cervical region; observations at operation; 
case 16 under Tumors of Cervical Region (Dandy). 


CASES OF HOUR-GLASS TUMORS OF THE DORSAL REGION 


Case 1.°—A man, aged 43, in August, 1917, noticed a feeling of heat in the 
right foot. Later there occurred sticking and crawling paresthesias in the right 
foot, extending up to the right hip. These sensations spread to the right half of 
the abdomen and back. In the spring of 1918, he began to have weakness of the 
left leg and loss of sensation. Later, he had difficulty in walking. On examina- 
tion, Oct. 10, 1918, there was marked spastic paralysis of the left leg and loss of 
sensation below a line 3 cm. above the umbilicus. There was no paralysis of the 
bladder or rectum. Two months later, there was paralysis also of the right leg 





19. Naegeli, cited by Coenen: Deutsche Ztschr. f. Chir. 203: 71, 1927. 
20. Antoni, N. R. E.: Ueber Ruckenmarkstumoren und Neurofibrome, 
Miinchen, J. F. Bergmann, 1920. 
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and weakness of the bladder and rectum. The roentgenogram of the spine showed 
the disappearance of the intervertebral disk between the eighth and ninth dorsal 
vertebrae. The eighth dorsal vertebra appeared compressed. At this level there 
was a lesion the size of a nut where the bone of the vertebra appeared to be 
completely absent. Laminectomy was performed on Aug. 8, 1919, with removal 
of the seventh to ninth dorsal arches. Corresponding with the eighth thoracic 
was an extradural tumor the size of a nut. This was attached to the dura but 
could be freed from the surrounding structures. The dura was opened and it 
was then found that the extradural tumor was only one part of the growth, and 
that a tumor of equal size was intradural. The intradural tumor extended along 
the left dorsolateral part of the cord a distance of 3 cm. The two portions of the 
tumor were connected: by a narrow bridge of tumor tissue. The extradural portion 
of the tumor had herniated the dura outward so that the dura formed a sac around 
it. The patient recovered after the removal of the tumor. There was improve- 
ment in sensation one month later but no other change was noted. The pathologic 
diagnosis was neurinoma. 


Case 2.*—A boy, aged 11 years, since the fall of 1912, had had pain in the 
back radiating around to the abdomen. A physician made a diagnosis of floating 
kidney and operated for this condition. The pain was unaffected, and while still 
in the hospital recovering from this operation, the boy developed weakness and 
then paralysis of both legs, beginning on the right. In March, 1913, he left the 
hospital completely paralyzed. A few weeks later he came under Guleke’s care. 
Examination showed a flaccid paralysis of both legs. There was a slight kyphosis 
in the region extending from the eleventh dorsal to the second lumbar spine. In 
this region the spine was rigid and tender. There were marked sensory dis- 
turbances over the legs up to the level of the iliac crest. Lumbar puncture showed 
no increase in pressure. The fluid was slightly yellowish. There was an increase 
in albumin and a few mononuclear cells. Operation was performed and the lam- 
inae of the eleventh dorsal to the second lumbar vertebra, inclusive, removed. The 
dura did not appear under tension. It was opened and nothing found at this level. 
The vertebral canal was probed cranialward and an obstruction found. The lam- 
inae of the sixth, seventh and eighth dorsal vertebrae were then removed. At the 
level of the seventh dorsal there was an extradural tumor 4.5 cm. long, hard, 
yellowish, and encapsulated. Cord compression to the left was noted. The tumor 
was adherent to the dura but could be separated from this membrane. From this 
tumor there proceeded a narrow pedicle of tumor tissue which passed out of the 
canal through the intervertebral foramen between the seventh and eighth dorsal 
vertebrae. The foramen was much enlarged. Paravertebrally, the tumor enlarged 
again and divided into two portions, one of which extended into the muscles of 
the back, while the other proceeded between the heads of corresponding ribs into 
the posterior mediastinum. The entire tumor was removed. The patient recovered 
from the operation but developed a cerebrospinal fistula which became infected 
after three weeks and gave rise to a meningitis with death. The pathologic diag- 
nosis was large cell sarcoma. 


Case 3.*—A youth, aged 21, seven years previous to admission had a sudden 
pain in his back following the lifting of a sack of meal. For eight days there 
was severe pain which had since recurred. In September, 1912, he began to have 
stiffness in the left leg. About the same time he had pain in the abdomen in the 
region of the stomach. In December stiffness also appeared in the right leg. 
The man came to the clinic because of the supposed stomach trouble. Examina- 














21. Guleke: Beitr. z. klin. Chir. 102: 273, 1916. 
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tion showed weakness and uncertainty in gait with dragging of the left foot. On 
the back to the left of the sixth to the ninth dorsal spines was a palpable tumor 
the size of an egg, ovoid in shape, smooth, not movable, hard, elastic and appar- 
ently lying in the muscles. The skin over the tumor was normal. There was no 
visible or palpable deformity of the spine. Roentgen examination failed to show 
anything definite, but a suggestive shadow in the left posterior mediastinum the 
size of a peach was present and at the same level as the tumor of the back. There 
was a marked spasticity of the legs and anesthesia over the legs and upward to 
the sixth dorsal on the right and the eighth on the left. There was no disturbance 
of the bladder and rectum. At operation, a curved incision was made over the 
fourth to the eleventh vertebrae with the dissection of a skin flap. The superficial 
tumor already described was surrounded and followed deeply to a pedicle which 
was cut across and the external tumor removed. It was then seen that the pedicle 
entered the intervertebral foramen between the eighth and ninth dorsal vertebrae. 
The laminae of the sixth to the ninth dorsal vertebrae were then removed, and it 
was found that a large extradural tumor occupied the vertebral canal from the 
sixth to the ninth dorsal laminae and markedly compressed the cord. The tumor 
was hard, nodular, fibrous and identical with the tumor of the back. The tumor 
was separated from the dura and removed. After removal of this tumor it was 
apparent that the tumor also penetrated the intervertebrai foramen between the 
seventh and eighth dorsal vertebrae and extended into the posterior mediastinum. 
The transverse and articular processes of the seventh and eighth dorsal vertebrae 
together with the head and neck of the corresponding ribs were removed. Through 
the opening thus obtained a tumor the size of a lemon was seen lying in the 
posterior mediastinum near the aorta which had pushed forward the anterior longi- 
tudinal ligament of the vertebra as a capsule. This tumor was also removed with- 
out injury to the pleura. Recovery was uneventful with return of function. 
Three years after operation, the patient was practically well, although there 
remained some weakness of the legs. The pathologic diagnosis was fibrosarcoma. 


Case 4.*>—A woman, aged 33, for many years had a diffuse fibrolipomatosis 
over the whole body and an extensive pigmented nevus over the right shoulder. 
Since the middle of April, 1921, the patient had had a feeling of weight and numb- 
ness of both legs, more marked in the left. By the end of April there was marked 
impairment in walking. Marked pain appeared in both legs which was thought to 
be sciatica. Eventually, there was paralysis of the bladder. The rectal sphincters 
remained unaffected. On examination, the spastic paralysis of both legs was evi- 
dent. The reflexes were exaggerated. There were sensory disturbances over the 
legs extending upward in front about three fingerbreadths below the nipple and 
behind to the level of the eleventh thoracic spine. The ninth and tenth spines were 
prominent and kyphotic but not tender on pressure. The spine was freely movable. 
Roentgen examination failed to show any lesion of the spine but did show an oval 
shadow the size of a plum in the left mediastinum about the level of the fifth 
dorsal vertebra. At operation, the third to the eighth dorsal laminae were resected. 
There was exposed at the upper portion of the sixth lamina the lower pole of a 
grayish, white, hard, circumscribed tumor 3.5 by 1.5 cm. in diameter impinging 
on the dura. Examination of this extradural tumor showed that a process of tumor 
proceeded outward through the intervertebral foramen between the fifth and sixth 
dorsal vertebrae on the left. Beyond the foramen the tumor again enlarged and 
projected into the deep muscles of the back (fig. 7). This paravertebral portion 
of the growth was made up of several nodules ; however, all were connected. After 


22. Guleke: Arch. f. klin. Chir. 119: 833, 1922. 
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mobilization of the intraspinal and paravertebral portions of the tumor, it was 
found that the tumor sent off another process which penetrated the intervertebral 
foramen between the fourth and fifth dorsal vertebrae and projected into the left 
posterior mediastinum (fig. 1). The removal of this portion of the tumor required 
the resection of the transverse processes of the fourth and fifth dorsal vertebrae 
and 4 cm. of the corresponding ribs. The mediastinal tumor on removal measured 
3.5 by 5.5 cm. in diameter. In the course of its removal, the pleura was torn and 
the operation was continued under positive pressure anesthesia. Also, in the 
removal of this portion of the tumor there was found still another tumor the size 
of a hazelnut which had made a nest for itself in the body of the fifth dorsal 
vertebra (fig. 9). Following operation the patient developed a hemopneumothorax 
and then an empyema which required rib resection and drainage. The patient died 
ten days later of sepsis. At autopsy it was found that a meningitis had followed 
the empyema. There were no more tumors found. 


The pathologic diagnosis was 
fibrosarcoma. 


The author thought that the tumor arose from the inner periosteum 
of the vertebral canal. 


Case 5.7—A woman, aged 33, for five years had a drawing sensation in the 
right side of the chest, and difficulty in lying on that side. No cough or elevation 
in temperature were noted until March, 1923, when the patient developed a cold 
with cough and dyspnea. This persisted for three weeks, but did not entirely clear 
up. Because of indefinite pulmonary symptoms, her physician sent her to a roent- 
genologist who found in the field of the right lung posteriorly a shadow the size 
of an infant’s head which was sharply defined laterally but mesially fused with the 
shadow of the mediastinum. This intrathoracic tumor was thought to be an 
ecchinococcus cyst. Further examination by the author showed that the tumor 
extended from the fourth to the tenth rib on the right side and laterally to within 
two fingerbreadths of the thoracic wall (fig. 5). There was no fluid in the chest 
nor disturbance in the movements of the diaphragm. There were no symptoms 
with reference to the spinal cord. Operation was performed on July 16, 1923, with 
resection of the eighth, ninth and tenth ribs over a distance of from 8 to 10 cm. 
There appeared under the pleura a yellowish solid tumor which moved slightly with 
respiration. The two leaves of the pleura were sutured together over the extent 
of the operative field. Tincture of iodine was applied to the pleura. This con- 
stituted the first stage of the operation. At the second stage, a month later, the 
wound was reopened and the tumor punctured through the pleura with an aspirat- 
ing needle. At a depth of from 3 to 4 cm. a small amount of slightly bloody 
serous fluid was aspirated. An incision was made in the pleura and into the cap- 
sule of the tumor. There followed an extrusion of a yellowish-white tumor tissue. 
A finger was then inserted between the surface of the tumor and this capsule and 
the tumor bluntly freed from it. Further laterally, however, the thin capsule tore 
and the pleura was freely opened. The operation was continued under positive 
pressure. Finally the whole tumor was surrounded and it was found that it nar- 
rowed posteriorly to a pedicle. This pedicle, not much larger than a lead pencil, 
disappeared into an intervertebral foramen and was apparently the only point of 
attachment of the tumor. By traction on the tumor this pedicle was pulled out 
of the intervertebral foramen. There was very little bleeding. The wound was 
closed without drainage under strong positive pressure. Following the operation, 
the patient developed a pleural exudate and then an empyema which required rib 
resection and drainage. She was finally discharged from the hospital apparently 
well. She was seen four months after operation and was in good condition. On 


23. Guleke: Zentralbl. f. Chir. 51: 50, 1924. 
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section of the tumor there was found in its center a cystic cavity measuring 16 
by 8 cm. in diameter (fig. 6). The pathologic diagnosis was neurinoma. 


Case 6.%—A woman, aged 51, at autopsy showed a tumor which was intra- 
dural, the size of a large marble and adherent to the dura on the right side. Con- 
nected with this tumor by a narrow pedicle which extended through the dura was 
a second extradural tumor which was slightly smaller, softer, and surrounded 
some nerve filaments taken to be the eleventh dorsal pair. There was no note of 
a paravertebral extension of the tumor. The tumor was called a fibrosarcoma. 

Case 7.°—A girl, aged 19, at autopsy showed a tumor 3 by 2 cm. in diame- 
ter between the anterior and posterior roots of the ninth and tenth dorsal nerves 
behind the dentate ligament. The tenth anterior root was embedded and lost in 
the tumor. The intradural tumor narrowed to an isthmus which penetrated the 
dura and enlarged again to form an extradural tumor. The extradural tumor 
divided into two parts, one of which followed or corresponded with the intercostal 
nerve; the other followed or corresponded with the dorsal ramus of the segmental 
nerve. The intradural tumor was smooth; the extradural, lobular. The pathologic 
diagnosis was that of a neuroma arising from the ninth dorsal nerve with an extra- 
dural prolongation. 


Case 8.*—A man, aged 35, entered the hospital with complete paraplegia. For 
seven or eight years he suffered with violent pain in the region of the liver which 
extended around the body to the right as far as the spine. In 1915, he began to 
have weakness of the legs, especially of the right. This had progressed to com- 
plete paraplegia. Examination showed paraplegia of the lower extremities with 
exaggerated reflexes. Sensory disturbances were present over the lower extremi- 
ties extending upward to the level of the seventh dorsal segment. Roentgen exam- 
ination of the spine failed to show any lesion of the spine itself but did show a 
shadow in the right pulmonary field between the fifth and seventh ribs. This 
apparent intrathoracic tumor corresponded in its level with the evident lesion of 
the cord. Laminectomy was performed by Professor Roux. There presented an 
extradural tumor, ovoid in shape, about the size of a large cherry, with an isthmus 
which passed out through the intervertebral foramen. This isthmus apparently 
communicated with the mediastinal tumor. The extradural tumor with a part of 
its pedicle was removed. The mediastinal tumor was not removed. Following 
operation, the patient recovered motion and sensation, and the end-result was very 
satisfactory. The pathologic diagnosis was small cell sarcoma. The late result 
was not given. 

Case 9.*—One of several cases of intrathoracic tumor studied by Banse was 
that of a man, aged 32, who at autopsy showed a “pleural neurofibroma” which 
narrowed to a pedicle. This pedicle extended through the intervertebral foramen 
into the intraspinal space and caused compression symptoms of the cord. There 
were tumor nodules in the portal vein and in the spleen. The case was considered 
one of primary thoracic or mediastinal tumor which had extended into the spinal 
canal. 


Case 10.%*—A man, aged 19, presented compression symptoms of the cord. At 
operation, a tumor was found at the level of the first dorsal segment. One portion 


24. Lannois and Durand: Lyon méd., 1906, vol. 107. 

25. Dubujadoux and Chevalier: Arch. de physiol. 2: 95, 1883. 
26. Brunschweiler: Cor.-Bl. f. schweiz. Aerzte 47: 449, 1917. 
27. Banse: Inaug. Diss., Greifswald, 1908. 

28. Starr: M. Rec. 82: 458, 1912. 
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of this tumor was intradural, was attached to the dura and compressed the cord. 
It extended through the dura where it enlarged to form an extradural pear-shaped 
tumor, and terminated in a nerve. It was necessary to divide the first dorsal nerve 
in order to remove the tumor. The tumor was encapsulated, hard, and was con- 
sidered pathologically to be a fibroma. 


Case 11.°—The age and sex of the patient are not given. The symptoms were 
those of cord compression corresponding to the fifth and sixth dorsal segments. 
The diagnosis of intraspinal tumor was made. A roentgenogram taken later 
showed a tumor shadow lying in front of and to the right of the vertebrae in the 
posterior mediastinum. At operation, an intraspinal but extradural tumor was 
found compressing the cord about the fifth to the sixth dorsal segments. This 
tumor narrowed to a pedicle which had extended through an intervertebral foramen 
and was continuous with a much larger tumor which occupied the posterior medi- 
astinum. The tumor was removed. The result of the operation was not stated. 
The tumor was called a neurofibroma. 


Case 12.°—A paralytic child, born in June, 1909, presented a paravertebral 
swelling in the back which proved on exploration, in 1911, to be a malignant tumor 
(spindle cell sarcoma). Under Coley’s toxin treatment, the growth disappeared 
but the paraplegia persisted. A laminectomy ten years later (1921) disclosed an 
intraspinal but extradural tumor which proved to be a ganglioneuroma. In Feb- 
ruary, 1911, following an injury there was progressive weakness of the legs 
associated with a paravertebral swelling opposite the middle of the scapula on the 
right side. This tumor increased in size and was associated with a progressive 
weakness of the extremities. The tumor of the back was explored and was found 
to be well defined, and apparently arising from the laminae or the right transverse 
process of the sixth dorsal vertebra. The condition was thought to be inoperable. 
Sections removed at that time were diagnosed as a fibrosarcoma. Under Coley’s 
toxin treatment, the tumor disappeared. Within eight months it was entirely gone, 
and for the following eight years there was no return of this swelling. The child 
came under Cushing’s care ten years after the first operation with the paraplegia 
still present. No evidence of the previous tumor of the back was found. Roent- 
genograms of the spine showed a cloudy area at the site of this lesion. No detailed 
report was made concerning the possibility of a tumor of the mediastinum. At 
operation, an extradural tumor was found encircling the cord. It communicated with 
the relic of the original tumor of the back through an enlarged intervertebral 
foramen. On the right of the laminae a dense, scarlike tissue was found in the 
spinal muscles which proved to be the residuum of the original tumor. No note was 
made of any tumor in the posterior mediastinum. Recovery followed the operation. 
Five years later, the boy was improved. Pathologically, the tumor was considered 
a benign ganglioneuroma transformed into such from a malignant sympathico- 
blastoma. 


Case 13."—A woman, aged 48, for ten years had pain in the right side of the 
back just below the scapula. The pain was burning, did not radiate and was more 
severe at night. There were no symptoms of compression of the cord. On exam- 
ination, there was a definite point of tenderness to the right of the spine at about 
the level of the fifth thoracic vertebra. The deep reflexes were exaggerated. 
Fluoroscopic examination of the chest showed a well rounded shadow projecting 
from the mediastinum toward the right side at the level of the second interspace 


29. Mager: Wein. klin. Wchnschr. 25: 900, 1912. 
30. Cushing and Wolbach: Am. J. Path. 3: 203, 1927. 
31. Cushing: Personal communication to the author. 
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anteriorly and at the level of the sixth and seventh ribs posteriorly. The x-ray 
films confirmed the fluoroscopic observations. There was slight angulation of the 
dorsal vertebrae at the level of the shadow of the tumor. Operation was per- 
formed in two stages with the approach to the mediastinal tumor from behind. A 
solid, firmly fixed, sessile tumor, the size of a golf ball, was found fixed to the 
side of the vertebral column and with two or three smaller nodules which nestled 
in between the two ribs. These had caused pressure absorption of the vertebrae 
against which they lay. The tumor was broken off from its attachment to the 
spine. From the notes on the case it was not positively determined that a portion 
of the tumor entered the intervertebral foramen, but judging from similar cases 
in the literature this is probable. The patient recovered with complete disappear- 
ance of the pain. Five years later it is noted that she again had pain on her right 
side, somewhat lower than that she had before operation. There was also pain 
in the lower part of the back when she vomited. A roentgenogram of the spine 
showed marked scoliosis in the upper dorsal spine. The patient was killed in an 
automobile accident five years after the operation. 


Case 14.*—A man, aged 38, had paraplegia of the lower extremities for two 
and one half years. There were no intrathoracic symptoms. A single anteropos- 
terior x-ray plate of the spine showed no abnormalities. There was complete para- 
plegia of the lower extremities and anesthesia which extended upward to the level 
of the eighth dorsal vertebra behind and to the xiphoid in front. At operation, an 
intraspinal but extradural tumor was found at the level of the sixth thoracic lamina 
lying to the left side and partially destroying the laminae and the vertebrae against 
which it lay. The tumor narrowed laterally and passed out through an enlarged 
intervertebral foramen into the posterior mediastinum (fig. 13). The removal of 
the mediastinal portion of the tumor was somewhat difficult because of the suction 
present. It was removed, however, without opening the pleura. One spinal nerve 
passed into the growth and this nerve had to be sectioned in order to remove it. 
Pathologically, the tumor was considered a neurofibroma. The patient recovered 
and twelve years later was entirely well. 


Case 15.".—A white woman, aged 48, entered the Cincinnati General Hospital 
complaining of neuritis between the shoulder blades. For a year she had what she 
called rheumatism in the right leg and severe girdling pains around the upper part 
of the thorax, sometimes accompanied by smothering spells. There was progressive 
weakness of the legs which rather suddenly terminated in complete paralysis. 
Examination showed a paralysis of both legs, flaccid rather than spastic in type. 
Deep reflexes were present but not active. There was loss of sensation over the 
lower extremities and extending upward almost to the suprasternal notch in front 
and the first thoracic vertebra behind. Examination of the chest showed an area 
of dulness over the left upper side of the chest both in front and behind. A 
roentgenogram of the chest showed a large tumor shadow in the upper half of the 
left lung field with partial destruction of the first and second thoracic vertebra 
and corresponding ribs near the spine (fig. 14). 

This patient was for a time on another service and was eventually seen by me 
in consultation. At that time her condition was such as to preclude any operative 
intervention. The patient died. An autopsy could not be obtained; therefore, the 
observations were not verified. A possibility that the spinal lesion was a metastasis 
rather than a direct growth from the thoracic tumor cannot be denied, but this 
case strongly suggests an hour-glass form of tumor. 





32. Heuer: Cases 14 and 15 have not been published previously. 
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Case 16.%°—A boy, aged 3 years, thirteen months before admission to the hos- 
pital complained of abdominal cramps. The parents noticed that the lower legs 
were weak and shook spasmodically. A roentgen examination of the chest at this 
time showed a small tumor mass in the upper posterior mediastinum. Two months 
later the child began to drag the right leg, and soon afterward the left leg. A few 
weeks later, paralysis developed. Frequent roentgen examinations during the year 
failed to show any appreciable increase in the mediastinal growth. Roentgeno- 
grams of the spine failed to show any abnormalities in the vertebrae. At opera- 
tion, the laminae of the seventh cervical and upper fifth dorsal vertebrae were 
removed. Underneath the first to the fifth thoracic laminae was a large, extra- 
dural tumor, which lay more on the left than the right side, projections from 
which extended into the intervertebral foramen. The entire intranspinal mass was 
removed in one piece. Apparently, no attempt was made to remove the mediastinal 
portion of the tumor. Death occurred twenty-eight hours after operation. The 
pathologic diagnosis was giant cell sarcoma. Elsberg stated, however, that the true 








Fig. 13—Hour-glass tumor involving the spinal cord and mediastinum; opera- 
tive removal; personal observation; case 14 under Tumors of Dorsal Region. 


















nature of the tumor was, in his. opinion, not established, and it suggested to him 
a ganglioneuroma. However, no medullated or nonmedullated nerve fibers were 
found in the tumor by specific staining methods. 


Case 17.*—A man, aged 54, had symptoms of cord compression of six months’ 
duration. Examination showed a spastic paresis with moderate diminution in sen- 
sation below the level of the sixth thoracic segment. The roentgenogram showed 
an irregular oval shadow in the posterior mediastinum to the left of the third, 
fourth and fifth thoracic vertebrae, and extending outward for 4 or 5 cm. from 
the median line (fig. 15). At operation, an extradural tumor 4 by 2 cm. in 
size was found which had produced a nest for itself in the bodies of the vertebrae. 
The dura in contact with the tumor was thickened and seemed to be invaded by the 
growth. An isthmus of the tumor passed out through the intervertebral foramen 
between the fifth and sixth thoracic vertebrae, and enlarged to form a tumor of 
the posterior mediastinum. The patient recovered, but without improvement in his 


33. Elsberg (footnote 13, case LVIII, p. 175). 
34. Elsberg (footnote 13, case LX VII, p. 198). 
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Fig. 14—Roentgenogram of patient with cord compression showing a large 
intrathoracic tumor (personal observation); case 15 under Tumors of Dorsal 
Region. 








Fig. 15.—Roentgenogram of thorax of patient with symptoms of cord compres- 
sion showing a tumor shadow in the posterior mediastinum; case 17 under Tumors 
of Dorsal Region (Elsberg). 
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symptoms. The tumor was called an extradural psammosarcoma, but the author 
noted that while one part of the tumor contains numerous psammoma bodies other 
parts of the growth contain cells very similar to sympathetic ganglion cells. In 
the absence of medullated or nonmedullated nerve fibers, the diagnosis of ganglio- 
neuroma did not seem justified. 


Case 18."°—Elsberg referred to a chondrosarcoma arising from the vertebrae 
which caused compression symptoms of the cord. The roentgenogram showed a 
tumor projecting outward from the thoracic spine opposite the eleventh and twelfth 
dorsal vertebrae (fig. 16). The details of the case are lacking. The case sug- 
gests very much an hour-glass tumor arising primarily from the spine and entering 
the spinal canal. 











Fig. 16—Roentgenogram of the thorax of a patient with cord compression 
showing a chondrosarcoma of the vertebrae; case 18 under Tumors of the Dorsal 
Region (Elsberg). 


Cases 19, 20,21 and 22."—Dandy briefly referred to four extradural neuromas 
which had caused compression symptoms of the cord. At operation, they were all 
found to have a dumb-bell shape. The extradural portion of the tumor narrowed 
and passed out through an intervertebral foramen, where it enlarged again to form 
a paravertebral tumor which extended to or into the posterior mediastinum. It 
seemed probable to the author that the point of origin of these tumors was at the 
point of constriction within the intervertebral foramen and probably from the 
ganglions. Into each tumor a sensory and motor nerve was traced, but the nerves 
were lost in the tumor. In two of the four cases the sections of the tumors showed 
large numbers of giant cells so as to suggest the histologic diagnosis of giant cell 
sarcoma (figs. 17 and 18). 


35. Elsberg: Ann. Surg. 81:1057, 1925; footnote 13. 
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Case 23."—A girl, aged 19, for five years had a rather rapidly developing 
paraplegia and loss of sphincter control. The roentgenogram showed the shadow 
of a large, intrathoracic tumor of which, according to the author, the intraspinal 
growth was a prolongation, and which had entered the spinal canal and caused 
compression of the cord. The intrathoracic tumor was explored by Finney and was 
found to be very vascular with expansile pulsation, and was considered to be 
inoperable. A piece of tissue was removed for diagnosis, but unfortunately was 
lost. The presumptive diagnosis was angiosarcoma. The patient was given radium 
treatments, and the paralysis of the extremities quickly disappeared. She has been 




















Fig. 17.—Diagrammatic representation of location and manner of growth of 
extradural neuromas as seen by Dandy; cases 19 to 22 under Tumors of Dorsal 
Region. 


well for five years. Despite the disappearance of the spinal cord symptoms, the 
intrathoracic tumor has been unaffected as shown by repeated roentgenograms of 
the chest. The intrathoracic tumor, however, has never given rise to symptoms. 
Case 24.°—A man, aged 51, for eight years had had pain in his right side. 
An exploratory laparotomy with removal of the appendix was followed by relief 
of pain for a time, but it later returned. There appeared a gradual progressive 
paraplegia with sensory disturbance corresponding to the tenth dorsal segment. 


36. Borchardt: Klin. Wehnschr. 5:636, 1926. 
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Roentgen observations are not recorded. At operation, an extradural tumor the 
size of a plum was found at the level of the fifth dorsal vertebra. The tumor 
narrowed to an isthmus which extended outward through the intervertebral fora- 
men of the fifth and sixth dorsal vertebrae. This isthmus was continuous with a 
second larger tumor in the posterior mediastinum. Both the intraspinal and 
mediastinal tumors were removed. There was prompt recovery with disappearance 
of the paraplegia. The tumor had one nerve attached to it which was sectioned in 
the course of the removal of the tumor. The diagnosis was neurinoma. 


Case 25.°—A man, aged 57, following an attack of grip a year before exami- 
nation, began to have pain in the abdomen and back, then a heavy and dull sensa- 
tion in the legs followed by weakness. Eventually, he was unable to walk. Exami- 
nation showed paraplegia of the legs with loss of sensation up to the rib margin. 
Roentgen examination showed rarefaction in the bodies of the fourth to the sixth 
dorsal vertebrae. The injection of iodized oil 40 per cent showed an arrest of the 
material at the fourth dorsal. At operation, an extradural tumor was found at the 
level of the fifth and sixth dorsal laminae. It was the size of a plum and soft like 
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Fig. 18.—Specimen of hour-glass tumor (extradural neuroma) removed by 
Dandy ; cases 19 to 22 under Tumors of Dorsal Region. 


a sarcoma. A process of the tumor entered the intervertebral foramen beyond 
which it enlarged again to form a mediastinal tumor. Both tumors were removed 
with an attached nerve. The patient recovered from the operation. Four weeks 
later there was a lighting up of an old bronchiectatic abscess with pneumonia. The 
patient died. The pathologic diagnosis was neurinoma. 


Case 26.*—A man, aged 30, had had pigmentation of the body since childhood. 
In January, 1924, he complained of weakness in the legs, and by March was bedrid- 
den. Examination showed the skin.of the back and extremities to be covered with 
pigmented areas and skin tumors. Over the acromial end of the clavicle there 
was a large, brownish, pigmented, lobulated tumor. Roentgen examination of the 
chest showed a tumor shadow in the left apical region. Injection of iodized oil 
40 per cent intradurally was arrested at the seventh cervical vertebra. At opera- 
tion, there was found at the level of the sixth and seventh cervical and the first 
dorsal vertebrae an intradural tumor firmly fixed to the dura. It continued through 
the dura and through the intervertebral foramen into the posterior mediastinum. 
The intraspinal portion of the tumor was removed, but the mediastinal portion 
was not. The patient died following the operation. Autopsy showed a large 
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tumor in the left apical region (fig. 8). There was also found a diffuse thickening yi 
of the nerves of the brachial plexus. The condition, therefore, was one of tumor iil 
in association with von Recklinghausen’s disease. The diagnosis of the intraspinal 
tumor was neurofibroma. 


Case 27..—A woman, aged 35, was brought into the hospital unconscious, and 
died before a history was obtained. No account of a physical examination was 
recorded. At autopsy, a tumor mass was found in the posterior mediastinum, 
closely adherent to the bodies of the second and third thoracic vertebrae. It pro- 
jected into the left thoracic cavity, but was covered by the pleura. A process of 
this tumor extended into the spinal canal through the intervertebral foramen. Its 
connection with the sympathetic was not noted. When cut, the surface of the 
tumor looked like that of a uterus. According to Stout, this is the first ganglio- 
neuroma reported in the literature. 
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Case 28.*—A boy, aged 2% years, was well until seven months before coming 
under observation, when he began to have pain in the stomach. Three months later, 
he became unsteady on his feet and began to drag the right foot. Sometime 
thereafter, he was practically paralyzed with loss of control of the bladder and 
rectum. Examination showed marked dulness over the left upper lobe of the lung, 
front and back, with sibilant and sonorous. rales and bronchial breathing. The 
roentgenogram of the chest showed a dense shadow over the upper portion of the ' 
left lung interpreted as a new growth. The cervical vertebrae were fixed and rigid; at 
there was a marked anterior curvature of the thoracic vertebrae. Marked weakness 
of both legs was noted. The reflexes were present and active. There was ankle 
clonus on both sides. Sensations seemed diminished. Four days after admission 
to the hospital a needle was introduced in the third left interspace in the anterior 
axillary line. No fluid was obtained, but a piece of tissue remained in the lumen 
of the needle. On examination, this tissue showed ganglion cells and neurofibrils. 
The nature of the growth, however, was not recognized until two years later. The 
condition was considered inoperable and the patient released. Seven months later 
the child was operated on at the Neurological Institute by Elsberg in an attempt 
to relieve pressure on the thoracic cord which had become progressively more 
marked. An extradural tumor was found in the spinal canal occupying the upper 
dorsal region which was continuous with the tumor in the chest by a pedicle of 
tumor tissue which had extended into an intervertebral foramen. The child died 
shortly after operation. No autopsy was obtained. The pathologic diagnosis was 
ganglioneuroma. 
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Case 29.°—This case is incompletely reported. There was a tumor arising from 
the seventh rib near the spine which lay in the posterior mediastinum. A process of 
the tumor entered the intervertebral foramen and caused compression symptoms 
of the cord. The tumor was a chondroma. ; 


Case 30.°—The tumor originated from the head of the rib, and lay in the 
posterior mediastinum. A process of the tumor entered the intervertebral foramen 
and caused compression symptoms of the cord. 


Case 31.“—A woman, aged 20, with paralysis of the legs, presented a tumor 
mass just to the right of the twelfth thoracic vertebra which had been present for 


37. Loretz, cited by Stout: Ganglioneuroma of Cervical and Thoracic Sym- 
pathetic Ganglions, J. A. M. A. 82:1770 (May 31) 1924. / 

38. Stout: J. A. M. A. 82:1770 (May 31) 1924. 

39. Barth, cited by Nigst: Schweiz. med. Wchnschr. 54:70, 1924 

40. Paget: This case is also cited by Nigst and is similar to Barth’s case. 
41. Carman and Davis: Radiology 3:185, 1924. 
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two years, and which had grown to 6 cm. in diameter. There was a spastic paral- 
ysis of the legs and sensory disturbances. At operation, the tumor of the back 
was completely removed and was found not to be connected with the vertebral 
column. It was diagnosed as a fibroma. At a second operation one month later, a 
laminectomy was done and a tumor found, extradural in location, which had eroded 
the arches of the eleventh and twelfth dorsal vertebrae. It had grown outward 
between the arches and extended into the muscles of the back. This tumor also 
was called a fibroma. The roentgenogram in this case showed a picture resembling 
a trabeculated cyst (fig. 19). 


Case 32.°—A woman, aged 44, presented a tumor the size of a plum in the 
muscles of the back at the level of the sixth and seventh dorsal vertebrae. This 
tumor was continuous through the intervertebral foramen, with an extradural 
tumor, 4 cm. in length, which compressed the cord. There was no note made of a 
mediastinal tumor in this case. The tumor was called a neurinoma or neuro- 
fibroma. 





Fig. 19—Roentgenogram of spine in a case of hour-glass tumor of the dorsal 
region giving the appearance of a trabeculated cyst; case 31 under Tumors of the 
Dorsal Region (Carman and Davis). 





Case 33.“°—A boy, aged 4 years, had paralysis of the legs, bladder and rectum. 
At operation there was a ganglioneuroma the size of a goose egg to the left of the 
spine in the region of the eighth to the twelfth dorsal vertebrae, which was con- 
tinuous with a tumor of the loin and pelvis. Although a considerable portion of the 
tumor was left behind under the lower ribs, the paralysis from which the boy 
suffered improved, and there was even relief from the pressure on the cord. It 
must be assumed that a process of the tumor extended through the intervertebral 
foramen and compressed the cord, and that the removal of the main tumor mass 
allowed the intraspinal portion of the tumor sufficient room to relieve the pressure 
on the cord. This, however, was conjecture and without operative or autopsy 
proof. 


42. Kredel and Busse, cited by Coenen. 
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Case 34.“—A man, aged 33, previously entirely well, began four weeks before 
admission to the hospital to have lancinating pains in the lumbar region followed about 
a week later by difficulty in walking. The paralysis progressed rapidly and on admis- 
sion to the hospital, there was complete spastic paralysis of both legs, difficulty in 
the control of the bladder and rectum, increased patellar and Achilles reflexes, 
marked sensory disturbances over the legs up to Poupart’s ligament and to a lesser 
degree to the umbilicus, and some deformity and pain on pressure in the region of 
the eleventh thoracic vertebra. The roentgenogram showed a shadow in the thorax 
to the left of the eleventh intercostal space, which suggested a calcified mass. 
From the roentgenogram alone a diagnosis of tuberculous spondylitis, with a 
calcified abscess, was made. There was a decubitus ulcer present which made 
operation at the moment impossible. In the further course of the condition the 
spastic paralysis was rather suddenly replaced by a flaccid paralysis of the lower 
extremities and the development of a cystitis and pyelonephritis, with chills, high 
fever, etc. Three months after admission, the patient died without having been 
operated on. The autopsy showed an enchondroma arising from the eleventh and 
twelfth dorsal vertebrae, which had extended through the intervertebral foramen 
between these two vertebrae, and had markedly compressed the cord. There was 
an extensive purulent meningitis. 


Case 35.“—The case was one of intraspinal, extradural tumor at the level of 
the fifth and sixth dorsal segments, which had produced compression of the cord. 
A roentgenogram taken some time later showed a tumor mass to the left in front 
of the spine. Operation disclosed a tumor compressing the cord which continued 
through an intervertebral foramen and enlarged again in the mediastinum. The 
tumor was called a neurofibroma. 


Case 36.°—The detailed history and physical examination are here briefly 
abstracted. A man, aged 25, was admitted with the complaint of stiffness of the 
legs and inability to urinate. For three years he had pain in the midregion of his 
back and to the right of the median line. Two months before admission to the 
hospital he had a numb feeling in the feet and legs, followed by stiffness in the 
legs. A month before admission he began to have difficulty in walking, and two 
weeks before inability to urinate. Examination showed an incomplete spastic 
paralysis of the legs with exaggeration of the deep reflexes, and a diminution of 
sensation over the legs and abdomen to the level of the ensiform cartilage. The 
roentgenogram of the spine showed a rounded shadow in the right side of the chest, 
extending outward 8 cm. from the midline (fig. 20). There was some erosion of 
the inner ends of the fifth and sixth ribs. The chest and spine were otherwise 
normal. A diagnosis was made of lesion of the cord at the level of the fourth 
thoracic vertebra; intrathoracic (mediastinal) tumor. In the author’s opinion, 
the condition was an intrathoracic tumor with an intraspinal extension. 

Dr. Naffziger performed laminectomy at the level of the fourth thoracic 
vertebra. There appeared an extradural tumor compressing the cord which was 
perfectly encapsulated. A process of the tumor passed through an intervertebral 
foramen. The extradural tumor was cut off at the intervertebral foramen and 
otherwise completely removed. Uncomplicated recovery followed. The pathologic 
diagnosis was ostechondroma. 

One month later, thoracotomy was performed by Dr. Pope, resection of the 
posterior portions of the fourth, fifth and sixth ribs being done. The capsule of 





43. Valentin, Bruno: Beitr. z. klin. Chir. 85:124, 1913. 
44. Mayer, cited by Coenen. 
45. Naffziger, Howard: Personal communication to the author. 
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the tumor was ruptured in freeing the growth and a thin, gelatinous, bloody fluid 
escaped. The contents within the tumor capsule were then removed with a curet 
and sponges. Further dissection of the capsule of the growth showed a pedicle of 
the tumor disappearing into the intervertebral foramen. This was removed. The 
empty capsule of the tumor was then packed with gauze soaked in 50 per cent 
alcohol and a catheter inserted which was led out through the thoracic wall. The 
wound was closed around the packs and catheter. Recovery followed with 
improvement in all symptoms. 





E cies 


Fig. 20.—Roentgenogram of the thorax in Naffziger’s case showing a tumor of 
the mediastinum ; case 36 in Tumors of Dorsal Region. 


Case 37.°—The age and sex of the patient were not given. The symptoms 
came on spontaneously with pain, and were those of a chronic, incomplete trans- 
verse myelitis of the dorsal region. The paralysis was of the spastic type. At 
operation, a laminectomy in the dorsal region disclosed an extradural fibrosarcoma 
which was connected through the dura with a second intradural tumor of the 
same nature and at the same level. The tumor was removed. The cord was 
somewhat injured in the course of the removal. Convalescence was prolonged, 
extending over a period of six months. Nevertheless, the patient almost completely 
recovered from the paralysis. 


46. Nonne: Deutsche Ztschr. f. Nervenh. 40-41:161, 1910-1911. 
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CASES OF 





LU MBROSACRAL 





HOUR-GLASS TUMORS 


Case 1.°—A man, aged 43, for two years had lancinating pains in the right hip 
extending along the outer aspects of the right thigh. Since the beginning of 1917, 
dull pain and paresthesia developed in the region of the coccyx, and along the 
outer side of the right leg and foot. Later, he had difficulty in controlling the 
bladder. Examination showed intense pain in the coccygeal region increased by 
movements affecting the lower spine and hips. Later, the spine became rigid. 
There was no spasticity of the legs. The right thigh was atrophic. No sensory 
disturbances were noted. At operation, the fourth and fifth lumbar laminae were 
removed. The dura was distended with fluid. An intradural tumor the size of a 
hazelnut was found covered by the fibers of the cauda equina. A process of the 
tumor extended through the dura between the fifth lumbar and first sacral nerves. 
Extradurally, the tumor was intimately connected with the dura so that a piece of 
this membrane was excised with the tumor. The patient recovered. His symptoms 
disappeared. At a later date he was found to have disseminated tuberculosis. 


Case 2.“—A woman, aged 23, at autopsy showed a reddish, soft mass lying 
over the posterior and lateral aspects of the cord from the twelfth dorsal to the 
fourth lumbar vertebrae. The tumor apparently arose from the dura and had 
grown through it, implicating the pia arachnoid. Laterally, the tumor was con- 
tinuous with a narrow strip of tumor tissue which extended outward through an 
intervertebral foramen or behind the lamina of the vertebra and connected with an 
abdominal tumor which was retroperitoneal in position and attached to the bodies 
of the tenth dorsal to the second lumbar vertebrae. The mesentery in the vicinity 


contained many small, whitish nodules. The tumor was called a round cell 
sarcoma. 


Case 3.°—A woman, aged 46, for ten years had pain in the back and the lower 
lumbar vertebrae. Five years before examination, she began to have weakness of 
both legs which progressed to a complete paralysis. Examination showed fixation of 
the lumbar vertebrae and a slight lordosis. There was a depression of the spinous 
process of the fifth lumbar vertebra and pain on pressure over this region. On 
rectal examination, there could be felt a tumor the size of a 10 pfennig piece, 
which was hard, smooth, movable and painful. This mass seemed to come out 
of the first right sacral foramen. Neurologically, the patient showed paralysis of 
both legs without marked spasm and anesthesia, with a fairly definite upper level. 
There were no trophic disturbances. At operation, a tumor the size of a walnut 
was found lying in the sacral canal and extending from the fifth lumbar to the 
second sacral arches. The tumor had broken through the dura so that a portion of 
it was intradural. The extradural portion of the tumor sent a process through the 
intervertebral foramen which was continuous with the tumor palpable per rectum. 
The entire tumor was removed. The symptoms of cord compression disappeared. 
Three weeks after operation, the patient was walking. Sometime later, symptoms 
returned, and the patient died, nine months after operation, presumably from a 
recurrence. 


Case 4.°—A man, aged 47, had been ill one year and eight months with com- 
pression symptoms of the cord. At autopsy, the lower end of the lumbosacral 
cord was displaced to the left due to a hard, firm tumor, the size of a hazelnut. 
This tumor presented a smooth surface, was bluish in color, and attached to the 





47. Collins and Marks: J. Nerv. & Ment. Dis. 26:36, 1899. 
48. Guleke and Rosenfeld, cited by Antoni. 
49. Poth: Inaug. Diss., Leipzig, 1911; cited by Antoni. 
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dura. Several nerve roots were incorporated in it. The tumor was both intradural 
and extradural, the intradural portion of the tumor being 18 mm. long. From the 
extradural portion of the tumor a process of tumor tissue extended through the 
intervertebral foramen, between the second and third right lumbar vertebrae. 
The extradural portion of the tumor was 17 mm. long and had attached to it the 
second lumbar nerve and its ganglions. There is no record of a paravertebral 
tumor. The pathologic diagnosis was an angiosarcoma. Benda called it a vascular 
sarcoma of the dura. 


Case 5.“”—A boy, aged 16, presented a tumor of the back which had gradually 
grown to an enormous size. He suffered with pain in the legs and weakness. A 





Fig. 21.—Roentgenogram of spine in a case of hour-glass tumor of the lumbar 
region showing erosion of the third lumbar vertebrae (personal observation) ; case 
6 under Tumors of the Lumbosacral Region. 


large superficial tumor was removed and was considered a lipoma. The patient 
died following operation. At autopsy, an extradural spinal tumor (angiolipoma) 
and an intramedullary angioma were found. There was also a fatty tumor con- 
taining numerous vessels in the right scapular region, and an angiolipoma of the 
right kidney capsule. Stookey considered the intradural tumor an extension of the 


lipoma of the back. There was no definite statement that it traversed the inter- 
vertebral foramen. 


50. Barenbruch, cited by Stookey: Intradural Spinal Lipoma, Arch. Neurol & 
Psychiat. 18:16 (July) 1927. 
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Case 6."—A woman, aged 29, entered the Cincinnati General Hospital on 
July 21, 1928, complaining of inability to walk and pain in the small of her back. 
The symptoms dated from the previous August, and began with stiffness of the 
calf of the left leg, followed by pain in the back which radiated into the left thigh 
and leg. There followed gradual weakness of the legs leading to an incomplete 
paraplegia. Examination showed almost total loss of function of the left leg, 











Fig. 22.—Lateral roentgenogram of the lumbar spine showing defect in the 
third lumbar vertebra caused by an hour-glass tumor; case in figure 21 (personal 
observation). 


weakness but not total paralysis of the right leg and considerable atrophy of the 
left leg. There were disturbances of pain and temperature sense over the left leg, 
but not of touch. The chest was clear; the abdomen, normal. A roentgenogram 
of the spine showed a large area of rarefaction, chiefly in the body of the third 





51. Heuer: Not previously reported. 
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lumbar vertebra (figs. 21 and 22). A diagnosis of probable extradural tumor at 
the level of the third lumbar vertebrae was made. Operation was performed by 
Dr. W. DeW. Andrus on Aug. 9, 1928. An incision from the twelfth dorsal to 
the fifth lumbar spinous processes was made. In attempting to strip away the 
erector spinae muscles from the third lumbar spinous process, a tumor consisting of 
soft, brainlike tissue was found, extending into the muscles of the back. It had 
apparently extended outward between the laminae and had caused some erosion of 
the third lumbar spinous process. A bit of tissue was removed from the tumor, 
immediate section of which suggested a malignant sarcoma. The operation was, 
therefore, abandoned and the wound closed. The patient was discharged from the 
hospital unimproved. The pathologic diagnosis (by N. C. Foot) was spongio- 
blastoma multiformae. 


Cast 7."—In a child, a ganglioneuroma of the lumbar region was associated 
with incontinence of the urine and feces, and a trophic ulcer of the perineum. At 
operation, the tumor was found to send a process through the intervertebral 
foramen between the last two thoracic vertebrae which apparently compressed the 
cord. The tumor was removed; the result is not stated. Pathologically, the 
tumor was a ganglioneuroma. 


Case 8."—A child, aged 4 years, presented a large and malignant nerve tumor 
(neuroblastoma) which belongs to the group of hour-glass tumors. It lay retro- 
peritoneally in front of the lower lumbar vertebrae. It was the size of a man’s fist 
and was connected through several intervertebral foramina with an intraspinal 
tumor the size of a walnut. The treatment, if any, was not stated. 











CASES OF MULTIPLE OR GENERALIZED TUMORS 





Case 1.°—A woman, aged 28, from the age of 13 to 16 years began to have 
pain in the neck and over the entire body. There appeared numerous subcutaneous 
tumors which increased in number and size. A definite weakness developed in 
both arms and legs, most marked in the arms and especially the hands. Examina- 
tion showed a skin tumor to the right and just above the symphysis. An enormous 
number of subcutaneous tumors were scattered over the body and especially over 
the neck in front of, and behind, the sternomastoid from the angle of the jaw to 
the clavicle. There were also large numbers of tumors over the outer surface 
of the arms and elsewhere over the body. The patient was intelligent. There was 
slight paresis of the right side of the face; otherwise, the cranial nerves were 
normal. There was paresis of all four extremities but no definite paralysis. The 
cutaneous sensation was diminished. Gait was ataxic. The Babinski sign was 
positive. In the further course of the patient’s illness, the paresis of the extremities 
increased. The roentgenogram of the spine was negative. At operation, a 
laminectomy was done and the cervical region explored. At the level of the 
second to the fourth cervical vertebrae a tumor was found compressing the anterior 
surface of the cord. One or two nerves were intimately adherent to the posterior 
surface of the growth. In an attempt to remove the tumor it broke into pieces 
and was removed in fragments. The patient’s condition was poor. The operation 
was hastily terminated. Death occurred from bronchopneumonia. The tumor 
removed at operation was considered a neurofibroma. At autopsy, there appeared 
an extensive peripheral neurofibromatosis. The cords of the brachial plexus were 
especially involved, but practically all peripheral nerves took part in the pathologic 






52. Rapp, cited by Coenen. 
53. Anitschkow, cited by Coenen. 
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condition—the intercostals, the vagi and the sympathetics. In the upper mediasti- 
num were masses of tumors resembling an advanced lymphosarcomatosis, the 
tumors varying in size from a pinhead to a goose egg. Most remarkable was 
the picture when the spinal canal was opened. Every spinal ganglion was enlarged 
to the size of a hazelnut. All the segmental nerves distal to the ganglions were 
thickened extradurally, except in the sacral region where intradural tumors also 
were present and of the size of a walnut. In the cervical region the extradural 
segmentally arranged tumors penetrated the dura and presented in the intradural 
space as tumors of varying size (fig. 10). These bore a definite relationship to 
the nerve bundles. The anterior roots were either unchanged or greatly thickened 
and were not attached to the tumor mass. The posterior roots, however, were 


closely connected with the tumors. Pathologically, these multiple tumors are 
called neurofibromas. 
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ANATOMIC CHANGES IN THE LABYRINTH SECONDARY 
TO CEREBELLOPONTILE AND BRAIN 
STEM TUMORS * 


Ss. J. CROWE 


The Otological Research Laboratory was established four years ago 
for the purpose of trying to discover something about the underlying 
causes of the various types of deafness. From a small beginning the 
laboratory has grown until it now employs eleven salaried assistants, 
and up to the present time has received from the pathologic department 
of the Johns Hopkins Hospital and the Bay View Branch of the City 
Hospitals over 1,100 pairs of temporal bones. Serial sections have 
been made of each of these specimens. The primary object of the 
investigation is to examine, with the greatest care and with the most 
modern instruments, the functional condition of the auditory and 
vestibular apparatus, and to correlate these observations with the changes 
seen in the microscopic sections. Many of the patients that enter the 
hospital in the medical and surgical service with a general systemic 
disease or a disease of the central nervous system have some disturbance 
i of the function of the auditory apparatus that may be due to purely 
local causes or may be secondary to the systemic disorder. Thus by 
examining every patient whose general condition makes it seem likely 
that he will come to autopsy, my co-workers and I are enabled to study 
the disturbances in hearing and the microscopic changes in the ear that 
may be associated with cerebral arteriosclerosis, syphilis, hypertension, 
hypotension, nephritis, disturbances of the ductless glands, the various 
diseases of the blood and lesions of the central nervous system. 

The material thus collected is also used for teaching, and for the 
study of the finer anatomy and physiology of the end-organs of the 
auditory and vestibular system. Under the latter heading Bunch’ has 
recently shown by repeated tests on a patient that there is no dis- 
turbance in the perception of pure tones or spoken words after a com- 
plete excision of the entire right cerebral hemisphere. One of the cases 
reported (case 1) records an excellent experiment on tone localization 
in the human cochlea, while both the first and the second case indicate 
that the wallerian law of degeneration does not apply to the ganglion 
of the cochlear nerve. 





REPORT OF CASES 





Case 1.—History.—C. B., a man, aged 48, had a primary carcinoma in the right 
bronchus with metastases in the ethmoidal, sphenoidal and right temporal bones 





* From the Otological Research Laboratory, the Johns Hopkins University. 
1. Bunch, C. C.: Auditory Acuity After Removal of the Entire Right 
Cerebral Hemisphere, J. A. M. A. 90:2102 (June 30) 1928. 
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Fig. 1—Audiometer chart showing normal hearing for a subject, between 40 
and 50 years of age. This test was not made in a sound proof room. The pitch 
of the tones tested is indicated at the bottom of the chart; the faintest intensity at 
which the patient hears the tone is indicated by the figures at the left. The hearing 
for the right ear at a pitch of 512, for example, is 20 sensation units. This is 
represented by a small circle on the vertical line marked 512 and on the horizontal 
line marked 20. The threshold of hearing for the various tones tested on the left 
is indicated by the crosses. The frequencies that are most used in conversation lie 
between 256 and 3,000 double vibrations. 
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Fig. 2 (case 1).—Audiogram of patient with a metastatic carcinoma in the 
internal auditory meatus on the right that destroyed all of the cochlear nerve 
except the fibers to the apical coil (figs. 3 and 4). ‘“he audiogram for the right 
ear shows that only two of the whole range of tones tested were heard, namely, 
64 and 128. The hearing for high tones in the left ear was impaired; but within 
the speech range it was approximately normal. 
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and in the fifth and seventh cervical vertebrae. The chief complaint on admission 
was cough, hemoptysis and severe pain in the shoulders and neck. The patient said 
that he had occipital headache and severe “dizzy spells,” but that these symptoms 
gradually disappeared three months previous to admission and had not recurred. 
He dated his present illness from an attack of pneumonia six months before. Dur- 
ing the past five months, he had lost 55 pounds (24.9 Kg.) in weight. 
Examination.—The temperature was 99.8 F.; the pulse rate, 120. The blood 
pressure was systolic 110 and diastolic 74. The hemoglobin content was 76 per cent. 
Examination of the cranial nerves showed the following: Second nerve: vision 
was good; no choked disk. Third, fourth and sixth nerves: These nerves were 
normal. Fifth and seventh nerves: These nerves were normal in spite of the fact 
that a metastatic carcinoma located in the right internal auditory meatus had 
destroyed a large area of bone and produced a pressure atrophy of most of 








Fig. 3 (case 1).—Cross-section of right cochlea showing erosion of the bony 
wall of the internal auditory meatus due to a metastatic carcinoma; atrophy of 
the cells of the spiral ganglion, the peripheral nerve fibers and organ of Corti 
in the basal and middle coils. 


the fibers of the cochlear and the central trunk of the vestibular nerve 
(fig. 3). Eighth nerve: There was approximately normal hearing on the left; 
marked deafness on the right (fig. 2). Ninth, tenth, eleventh and twelfth nerves: 
These nerves were normal on both sides. There were no symptoms that suggested 
a cerebellar lesion. Neither nystagmus nor incoordination of movement was present. 

The right ear drum was entirely destroyed due to an infection that had been 
present since early childhood. There was no complaint of tinnitus. Tuning fork 
and audiometer tests showed approximately normal hearing on the left, but a 
complete loss of perception for all tones on the right, with the exception of an 
octave below and possibly half an octave above 128 double vibrations. The hearing 
tests, however, were made under difficulties due to severe pain in the chest and 
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Fig. 4 (case 1).—Normal-looking nerve in the osseous spiral lamina of the 
apical coil: complete atrophy in the middle coil. 














Fig. 5 (case 1).—Apical coil. Compare the osseous spiral lamina, the organ of 
Corti and the stria vascularis in this coil with the appearance of these structures 
in the middle coil (fig. 6). An audiometer, tuning fork and voice test made one 


month before death showed that the patient could hear only a few of the lowest 
tones in this ear. 
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the back of the neck. This “island of hearing” in the right ear would have been 
missed by a routine tuning fork examination. It is not possible to have a total loss 
of hearing for either high or low tones as a result of an acute or chronic infection 
that is limited to the mucous membrane of the middle ear or eustachian tube. The 
drum, together with the malleus and incus, may be destroyed, as sometimes occurs 
in scarlet fever, with but little impairment of hearing. Ankylosis of the stapes, 
however, may cause profound deafness, as in otosclerosis, but the high tones are 
always heard better than the low tones if the lesion is limited to the middle ear. 


This patient had a complete loss of perception on the right for all tones above 
128 double vibrations owing to the pressure of a metastatic carcinoma on the 
eighth nerve in the internal auditory meatus. The fact that some of the low 
tones were heard in this ear was due to the accidental escape of those fibers of the 
auditory nerve that supply the apical coil of the cochlea. The impairment for 
128 double vibrations on the right, as shown in the audiogram (fig. 2), may be due 











Fig. 6 (case 1)—Middle coil. Complete atrophy and disappearance of the 
nerve in the osseous spiral lamina and the organ of Corti. Marked atrophy of 
the stria vascularis. 


in part to the chronic suppuration of the middle ear and destruction of the drum, 
but the microscopic sections of the inner ear explain clearly why the tone percep- 
tion in this ear was limited to the low notes (figs. 4, 5, 6 and 7). 

Helmholtz and others have inferred from the physical structure of the 
cochlea—the length of the basilar membrane and thickness of the spiral ligament— 
that the low toned waves are received and transformed into nerve impulses in the 
apical coil, the high tones in the basal coil and that midway between these is the area 
most used in speech perception. This idea has been confirmed by subjecting animals 
to a constant sound of a known pitch for several days or weeks. Serial sections of 
the cochlea in such experiments show focal degeneration of the cochlear nerve and 
organ of Corti, varying in location as the pitch is changed. 
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Fig. 7 (case 1).—Basal coil. The changes are the same as shown in figure 6, 
with the exception of the stria vascularis, which is more nearly normal. 




















Fig. 8 (case 1).—Normal modiolar vessels, atrophic cochlear nerve central to 
the ganglion, degenerated spiral ganglion and empty canals in the osseous spiral 
lamina. These canals normally contain the fibers peripheral to the ganglion. 
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Comment.—The accidental escape in this case of a few fibers of the auditory 
nerve from the pressure of a growing tumor, together with careful hearing tests 
and satisfactory serial sections of the inner ear all combined to make an interesting 
experiment on the localization of tone perception in the human ear. This case is 
of further interest since a lesion of the cochlear and vestibular nerve in the internal 
auditory meatus results in different types of degeneration. The degeneration of 
the vestibular nerve extended only to the vestibular ganglion, while that of the 
cochlear nerve included the cochlear ganglion, the peripheral nerve fibers and the 
organ of Corti. 

The photomicrographs of the labyrinth of this patient are presented because, 
by chance, they offer an opportunity to make physiologic observations: (1) on 
the localization of tone perception in the cochlea and (2) on the degeneration of 

















Fig. 9 (case 1).—Normal looking vestibular nerve and macula of the utricle. In 
this case, with a lesion of the auditory nerve in the internal auditory meatus, the 
peripheral nerve fibers and end-organs of the vestibular ganglion are unchanged, 


while the nerve. peripheral to the cochlear ganglion and the organ of Corti has 
atrophied. 


the cells of the spiral ganglion, the peripheral nerve fibers and the end-organ of 
Corti, secondary to a lesion of the cochlear nerve in the internal auditory meatus. 

Case 2.—History—M. H., aged 9 years, was admitted to the hospital in a 
semicomatose condition, due to a marked internal hydrocephalus, and died within a 
few hours after a cerebellar exploration. An inoperable glioma was found at 
operation. Both the history and the examination were unsatisfactory and incom- 
plete. The case, however, is of anatomic and physiologic interest. The first clinical 
symptoms were headache, nausea and vomiting, and dated back only four months. 
The family had noticed no impairment of hearing, and the general condition was 
such that hearing tests could not be made. 
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Autopsy.—At autopsy the tumor was found to lie within the right cerebellar 
hemisphere and extended forward into the midbrain. There was no evidence of a 
growth in the cerebellopontile angle. The microscopic sections of the temporal 
bones, however, showed a marked difference between the inner ear on the right 
and that on the left side. On the right, the following changes were observed: 
1. There were atrophic changes in the cochlear nerve. 2. The spiral ganglion had 
almost completely disappeared; a few scattered ganglion cells remained, but they 
were much shrunken. 3. The peripheral fibers in the osseous spiral lamina were 
atrophic but had not entirely disappeared as in case 1. 4. The organ of Corti was 











Fig. 10 (case 2).—This patient had a glioma in the right cerebellar lobe. There 
was no tumor in the cerebellopontile angle. Cross-section of the right cochlea 
shows degeneration of the spiral ganglion. The nerve in the osseous spiral lamina 
is atrophic but has not entirely disappeared as in case 1. The modiolar vessels 
are normal. The cochlea on the left is normal in every particular. 


represented by a shrunken clump of cells. The microscopic sections of the left 
temporal bone showed that the cochlear nerve, spiral ganglion, peripheral nerve 
fibers and end-organs were all normal. The contrast between the two sides was 
striking. The vestibular nerve, the cells of the vestibular ganglion and the end- 
organs looked normal on both sides. 
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It is generally accepted that the cochlear nerve is like a sensory 
spinal nerve in that a lesion central to the ganglion will be followed 
by a central degeneration, at least as far as the next ganglion cell; and a 
lesion peripheral to the ganglion will result in atrophy as far as the 
end-organ. The cells of a spinal ganglion, however, do not atrophy or 
disappear after section of either the central or the peripheral nerve 
trunk. The histologic appearance of the cochlear ganglion in these two 
cases indicates that this ganglion is an exception to the general law. 
In the first case, the changes in the inner ear were secondary to a lesion 
of the cochlear nerve in the internal auditory meatus; in the second 
case, similar changes were due to a lesion of the auditory pathway within 
the cerebellum and midbrain. 

The experimental work of Wittmaack,? in 1911, showed that division 
of the auditory nerve in the internal auditory meatus, in cats, is followed 
by atrophy of the cochlear nerve, the cells of the spiral ganglion, the 
peripheral nerve fibers and the hair cells of the organ of Corti. The 
degeneration of the vestibular nerve, however, extends only to the 
vestibular ganglion; the ganglion cells, the peripheral vestibular fibers 
and the end-organs are normal. In these experiments great care was 
taken to avoid injury to the internal auditory artery. It is evident 
from these observations that the cochlear and vestibular nerves differ 
in their reaction to a lesion of their central fibers. The degeneration 
of the vestibular nerve follows the wallerian law, while the cochlear 
nerve is an exception to this law. Knick,*® in 1912, came to the same 
conclusion after a long series of experiments on guinea-pigs. The 
clinical pathologic studies of Lange,* Zange ° and Steurer ® on tumors 
that involve the auditory nerve in the cerebellopontile angle tend to 
confirm the experimental observation that the cochlear ganglion is an 
exception to the wallerian law of degeneration. 

It might be argued that a growing tumor in the cerebellopontile 
angle in addition to destroying the nerve may also compress the 
labyrinthine artery, which is generally agreed to be an end-artery, and 


2. Wittmaack, K.: Ueber sekundare Degeneration im inneren Ohr nach Akus- 
ticusstammverletzung, Verhandl. d. deutsch. otol. Gesellsch., 1911. 

3. Knick, A.: Pathologische Histologie des Ohrlabyrinths nach ts teed 
dung des Nervus acusticus, Ztschr. f. Ohrenh. 65:342, 1912. 

4. Lange:.. Labyrinthveranderungen bei Tumoren des Kleinhirns und Klein- 
hirnbriickenwinkels, Arch. f. Ohrenh. 90:180, 1913. 

5. Zange, J.: Ueber anatomische Veranderungen im Labyrinthe bei Klein- 
hirnbriickenwinkeltumoren und ihre klinische Bedeutung, Virchows Arch. f. path. 
Anat. 208:297, 1912. 

6. Steurer, O.: Ueber Beteiligung des inneren Ohres und des Hérnerven bei 
multipler Neurofibromatosis Recklinghausen, mit besonderer Beriicksichtigung der 
sekundar absteigenden degeneration des H6rnerven, Ztschr. f. Hals-, Nasen- u. 
Ohrenh. 4:124, 1923. 
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that a poor supply of blood together with a marked increase in intra- 
cranial pressure could cause the degenerations that have been described 
in the inner ear. 

The two clinical cases reported answer all of these objections and 
clearly indicate that the changes seen in the cochlear ganglion and 
peripheral nerve fibers are secondary to the lesion of the cochlear nerve 
central to the ganglion. By referring to figures 4, 5, 6 and 7, it is seen 
that the atrophy of the organ of Corti and the nerve in the osseous 
spiral lamina is limited to the basal and middle coils of the cochlea. In 
the apical coil the nerve peripheral to the spiral ganglion and the end- 
organ look approximately normal. Additional evidence that the fibers 
that supply the apex of the cochlea are intact is furnished by the hearing 
test made one month before death. This showed that the patient could 
hear some of the low tones but had absolute deafness for all tones 
above 128 double vibrations. If these degenerative changes were due 
primarily to an interference with the blood supply or to increased intra- 
cranial or intralabyrinthine pressure, one would expect to find a more 
uniform distribution of the lesion of the inner ear, and an involvement 
of the vestibular nucleus and end-organs. In the second case there 
was a marked increase of intracranial pressure due to an internal 
hydrocephalus. Whatever effect this has on the labyrinth should be 
bilateral. In this patient, however, the only changes seen were on the 
right side and were limited to the cochlear branch of the auditory nerve. 
It seems clear that the atrophic changes in the spiral ganglion, peripheral 
nerve fibers and organ of Corti in these two clinical cases were secondary 
to a lesion of the auditory nerve central to the cochlear ganglion, and 
that this ganglion is an exception to the wallerian law of degeneration. 











saeeveangnreraaree 


BORAT AEE I 


gr REEL 


IIL LOLI LE 


_ ores Ete ~ 


























teen 














i 
; 


as 


oa 2 


le Ye eae 


PPPS. 





EXPERIMENTAL THROMBOPHLEBITIS AND LYM- 
PHATIC OBSTRUCTION OF THE LOWER LIMB 


A PRELIMINARY REPORT * 


JOHN HOMANS 
AND 


ROBERT ZOLLINGER 


In the preparation of a paper on thrombophlebitis and its sequelae, 
read before the American Surgical Association in 1927, one of us 
attempted to reproduce the disease by injecting a coagulant into an 
isolated segment of the femoral vein. One attempt out of three was 
remarkably successful, and the animal developed a typical phlegmasia 
alba dolens. The swelling appeared two days after the operation, 
remained at its height for a day or two, and at the end of eight days 
had disappeared. The whole course of the condition resembled the 
mildest sort of iliac or femoral phlebitis in the human being. At the 
postmortem examination it was found that the surrounding soft parts 
were firmly adherent to the femoral vein in the area between the liga- 
tures which had been placed just above the knee and just proximal to 
the inguinal ligament, respectively, about 2 inches (5.08 cm.) apart. 
Only a remnant of a blood clot was found, and even that remnant was 
not adherent. 

An explanation of the lymph stasis which followed the operation 
seemed to be that the close association of the trunk lymphatics of the 
limb with the principal veins caused them to be caught in the inflam- 
matory reaction secondary to the thrombophlebitis. The experiment 
seemed to throw so much light on the nature of phlegmasia alba dolens 
in human beings that further experiments were planned. 

Several years ago, the late Professor Halsted * became interested in 
elephantiasis chirurgica, particularly in the swelling of the arm which 
followed amputation of the breast. He instigated experimental work on 
dogs, some of which was carried out with the aid of Mont R. Reid and 
F. L. Reichert * and published by the latter. In this research two 
observations stand out clearly: 1. Swelling of a limb distal to the point 
at which all the soft parts except the femoral artery and vein are divided 


* From the Laboratory of Surgical Research, Harvard Medical School. 

1. Halsted, W. S.: The Swelling of the Arm After Operations for Cancer 
of the Breast; Elephantiasis Chirurgica, Cause and Prevention, Bull. Johns 
Hopkins Hosp. 32:309 (Oct.) 1921; Replantation of Entire Limbs Without Suture 
of Vessels, Proc. Nat. Acad. Sc. 8:185, 1922. 

2. Reichert, F. L.: The Regeneration of Lymphatics, Arch. Surg. 13:871 
(Dec.) 1926. 
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reunited by suture is due mainly to lymphatic obstruction and is nearly 
independent of the state of the principal vein; that is, it takes place in 
spite of the preservation of the vein; when the lymphatics have regen- 
erated across the scar, ligation of the vein does not prevent the swelling 
from disappearing. 2. The lymphatics which are draining a limb travel 
in a weaving manner along the principal venous trunks. They draw 
together about the external iliac vein in the pelvis and pass into the 
iliac lymph glands proximal to the iliac bifurcation. Such are the rela- 
tions between the lymphatics and veins in the canine. Bartels * described 
the course of the superficial and deep lymphatics of the human leg and ; 
sketches made from his drawings will be found in a previous paper by 
one of us (J. H.).* How the lymphatics of the entire limb can be 
obstructed by a considerable inflammatory reaction about the common 
and external iliac veins may be judged from the accompanying sketch 
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Fig. 1—Diagrammatic sketch to show the relation between the principal lym- 
phatics and great blood vessels of the hind leg of the dog. This is an idealized 
combination of Brédel’s drawing of Reichert’s experiment and a sketch in Pohle’s 
“Das Venensystem des Hundes.” The situation of the ligatures used in the experi- 
ments is shown. Lymphatic trunks are not drawn accompanying the hypogastric 
vein, but the proximal ligature is placed central to this vessel on the ground that 
such lymph channels must exist. For the sake of clearness several small branches 
of the external iliac and superficial femoral veins are omitted. 
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made from Brodel’s drawing of one of Reichert’s cleared preparations. 
This shows the course of the principal lymphatics and blood vessels of 
the dog’s lower limb. 


It may well be implied from Reichert’s experiments that the edema | ’ 
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which marks a deep phlebitis in man is not due to venous obstruction ! 
3. Bartels, P.: Das Lymphgefassystem, in Bardeleben: Handbuch des Ana- | } 
tomie des Menschen, Jena 3:195, 1909. i| 
4. Homans, John: Thrombophlebitis of the Lower Extremities, Ann. Surg. { 4 
87:641 (May) 1928. : 
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per se but to interference with the return of lymph from the leg. 
Clinical observations bear this out. Following the appearance of pain, 
usually in the calf of the leg, which marks the onset of a deep thrombo- 
phlebitis, the first physical sign of the lesion is not an engorgement of 
the superficial veins but edema. The leg becomes white, not blue. 
Indeed it is difficult to cause venous stasis in the leg. If the femoral 
vein of the human being is tied, the blueness which follows disappears 
over night. In the dog, ligation of the common iliac and femoral veins 
simultaneously causes no recognizable change. 

All the evidence, then, indicates that the thrombosis of the deep vein 
plays an indirect role in the causation of edema of the leg. It seems 
probable that this indirect effect is brought about by a periphlebitic reac- 
tion, presumably through an inflammatory involvement of the trunk- 
line lymphatics. Moreover, while a thrombosis of the femoral vein 
distal to the entrance of the great saphenous conceivably might 
involve enough lymphatic trunks to cause a noticeable swelling in the 
calf, it is clear that to bring about edema of the entire leg, the thrombo- 
phlebitis must lie in the external or even in the common iliac vein. 

With these considerations in mind an attempt was made to induce in 
the iliac veins a thrombosis of such a nature as to cause edema of the 
dog’s hind leg. To begin with, the early experiment was repeated with- 
out success entirely. The injection of thrombosing substances into 
a segment of the superficial femoral vein itself rarely causes edema, 
owing to the presence of several veins draining the thigh and buttocks— 
the deep femoral, and others, evidently accompanied by lymphatics, 
which join the femoral vein just above the inguinal ligament. 

In another set of experiments the external iliac was tied about 
1.5 cm. above the inguinal ligament, that is, proximal to the deep 
femoral branch (the profunda of man) and well down toward 
the knee. The experiment failed again except when the material 
injected into the isolated segment was a strongly corrosive substance 
such as ferric chloride; this caused such a vivid reaction as to produce 
a typical phlegmasia alba dolens, but it also caused hemorrhage from 
adjacent vessels, appeared inhumane and accordingly was abandoned. 
In other animals, an attempt was made to involve the perivenous lym- 
phatics in scar tissue by sprinkling an inert, nonabsorbable powder 
over the external iliac and femoral veins for a considerable distance. 
This method, of course, vitiated the purpose of the research, which was 
to imitate the deep thrombosis of man, but it was felt that it might 
throw some light on the local reaction. In one case out of two an 
unmistakable but slight and evanescent edema of the whole leg resulted, 
but evidently the resulting reaction was not sufficiently violent. 

Eventually it was decided to make use of nonsuppurative bacteria, 
employing the following technic: After the dog was narcotized with 
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morphine, followed by ether, an incision was made into the abdomen 
through the lower part of the rectus muscle of one side, and the common 
iliac and the internal iliac vein ® were ligated. Then a second incision 
was made over the femoral vein, and 5 cc. of a broth culture of a non- 
suppurative streptococcus (viridans) was injected into the vein, every 
precaution being taken not to soil the surrounding parts. The injection 
and ligation was made about one third of the way from the knee 
to the groin, that is, well distal to the deep femoral vein. Just distal to 
the point of injection, the vein was ligated. 

In the four animals thus treated, a phlegmasia alba dolens resulted 
(fig. 2) which was typical but evanescent. On the second postoperative 











Fig. 2.—Experimental phlegmasia alba dolens. The swelling affects the paw 
as well as the upper leg. 


day, swelling began in the thigh. On the following day, it was found 
to have spread to the lower leg and foot. During this time, particularly 
on the first and second days, the dogs seemed ill, but they recovered 
their health. while the swelling was at its height. This reaction is 
slightly different from that observed in the animal exhibiting an 
edematous leg after the injection of muscle juice into the isolated seg- 


5. As the internal iliac vein has no valves, it seemed probable that the current 
might be reversed through it after the common iliac had been ligated and that the 
material placed in the external iliac might thus be drained off. Very likely this is 
not actually the case. 
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ment of the femoral vein. In that case, the onset and duration of the 
swelling were the same, but the dog never seemed ill. The reaction 
differed even more decidedly from that occasioned by the injection of 
ferric chloride into the external iliac vein, for in that case the swelling 
was progressive and permanent. 

The postmortem observations on the animals subjected to the injec- 
tion of nonsuppurative bacteria explain, perhaps, the temporary quality 
of the lymph stasis. All were killed under ether anesthesia after 
about twenty hours’ introduction of india ink into the paw. In every 
case there was a distinct local distention with pigmentation of the 
perivascular lymphatics at the point in the lower part of the thigh at 
which the distal ligation was performed and the bacteria injected. 
From this point to the inguinal ligament the soft parts were moderately 
adherent to the femoral veins (venae comites) but no pigment was 
visible in the tissues. The tissues were more closely adherent to the 
vein above the inguinal ligament, and as far as the ligature on the 
common iliac, than below. In two of the animals a clot extended 
from the upper point of ligation to the upper valve (just above the 
deep femoral vein) in the external iliac vein, but was adherent to the 
vessel wall only close to the upper ligature itself. The common iliac 
lymph nodes were loaded with pigment. The wounds were cleanly 
healed, so that accidental sepsis did not enter into the experiments. 

It may be inferred that the introduction of nonsuppurative bacteria 
into the isolated segment of the common iliac, external iliac and femoral 
vein caused a periphlebitic reaction sufficiently extensive to block 
temporarily the perivascular trunk lymphatics, but that it was so mild 
that the lymph soon found its way past or through the obstruction. 
The failure of the clot to adhere elsewhere than at the point of ligation 
suggests that the wall of the vein was little injured by the bacteria, and 
perhaps accounts for the fact that the local perivenous reaction was 
not more severe. Nevertheless it evidently was more severe in the 
region of the clot above the inguinal ligament than in the femoral 
vein distal to the ligament where thrombosis did not occur. Possibly 
thrombosis might have occurred in the femoral vein had the injection of 
the broth culture been made into both venae comites instead of into one. 

From these considerations it appears that it is practicable to.cause 
lymph stasis in the hind limb of the dog by an appropriate sort of injury 
to the principal vein; that a portion of the common iliac vein should 
be included in this traumatic process; that injury to the vein need 
not be of great violence to cause a temporary lymph stasis but that it 
must be of considerable violence to cause a permanent lymph stasis; 
that chemicals may be used for this purpose but are not easy to control, 
and that the use of nonsuppurative bacteria offers the promise of 
successfully causing a chronic lymph stasis of the leg in a dog. This 
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work will be continued in an effort to discover a simple and humane 
method of causing in the experimental animal a “milk leg” similar to 
that so common and disabling in man. The experiments already per- 
formed seem to indicate that the cause of phlegmasia alba dolens is a 
lymphatic obstruction due to the inflammatory reaction around an area 
of thrombophlebitis, and that the basic lesion is always in the common or 
external iliac vein, however far it may extend peripherally. By a study 
of the reaction in the experimental animal a means of ameliorating 
the disease in human beings may be found. 
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THE DIAGNOSIS AND SURGICAL TREATMENT 
OF CARCINOMA OF THE COLON * 


EMIL GOETSCH 
AND 
ARTHUR GOETSCH 


Carcinoma of the colon presents many difficulties in diagnosis and 
treatment, and as a consequence there is great diversity of opinion as 
to the surgical procedures which are suitable in the treatment for this 
condition and which should be generally followed. Clinical facts which 
aid in the early recognition of this serious malady, therefore, are most 
welcome, since, with early diagnosis, surgical intervention gives promise 
not only of immediate relief but of ultimate cure, for reasons to be men- 
tioned later. A number of characteristic signs and symptoms can usually 
be brought out by a careful history and physical examination. An 
accurate diagnosis can be made in the great majority of instances before 
there are severe nutritional and toxic disturbances and before compli- 
cating symptoms of obstruction appear. 

Since the clinical picture of carcinoma of the colon varies so greatly, 
the surgical treatment likewise varies. Because of the alarming symp- 
toms and complications which may be present at the first examination, 
the possible surgical procedures to be adopted must be seriously con- 
sidered. On account of the variable factors, namely, the clinical condi- 
tion of the patient and the personal convictions of the surgeon, a definite 
operative plan suitable in all cases has not been generally adopted. 

It is our purpose to report the results of a detailed study of ten cases 
of carcinoma of the colon and of two cases of pericolic adhesions simu- 
lating carcinoma of the colon. The patients were admitted to the 
Surgical Clinic of the Long Island College Hospital between January, 
1920, and February, 1923. On the basis of this study, we believe that a 
fairly definite and satisfactory operative plan can be adopted in accord- 
ance with the status of the patient and the character of the lesion. Con- 
fronted by a clinical syndrome resulting from carcinoma of the colon, 
we believe it is possible to adopt a suitable surgical treatment, whether 
a one, two or three-stage operation. A comprehensive review of. the 
literature has impressed us with the fact that the information bearing 
on the diagnosis and treatment of carcinoma of the colon is often lim- 
ited, fragmentary and indefinite. Surgeons of large experience have 
often differed as to a satisfactory mode of attack, and therefore have 
been unwilling to speak in a conclusive manner. In view of the lack of 
uniformity of treatment recommended in the past, we feel that it might 
be of value to report our experiences and deductions. 


*From the Surgical Clinic of the Long Island College Hospital, Brooklyn. 
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ETIOLOGY 


The etiology of carcinoma of the colon is obscure. Hemorrhoids, 
fistulas, colitis, trauma and other pathologic conditions have been 
regarded as predisposing factors. Mechanical relations at the ileocecal 
valve, the hepatic and splenic flexures, the rectal folds and the anus are 
believed to predispose to the appearance of carcinoma at these sites. 
Surgeons have long noted the relatively frequent occurrence of cancer 
in the acid stomach and colon as compared with the less frequent occur- 
rence of carcinoma in the alkaline small intestine. 


SYMPTOMATOLOGY AND DIAGNOSIS 


The symptomatology of carcinoma of the colon is strikingly variable, 
and at times even vague. Frequently a history of indigestion of an 
intestinal type can be obtained on diligent inquiry. Among the symp- 
toms and signs especially helpful in diagnosis are lack of appetite, 
progressive loss of weight, flatulence, colicky pain, pallor, headache, 
weakness, malaise, anemia and, in the later stages, intestinal toxemia. 
Later, as the lesion gradually encroaches on the lumen of the bowel, 
progressive constipation or constipation alternating with diarrhea occurs. 
However, so long as even a small opening exists, serious constipation 
may be absent and the fecal current may be advanced without great diffi- 
culty or undue peristalsis (cases 3 and 5). In many cases, the earliest 
symptom is constipation which may be relieved by mild catharsis. 
Again, there may be periods of obstinate constipation alternating with 
periods of comfort or followed by diarrhea, with offensive flatus or 
mucus due to ulceration of the occluding growth and the accompanying 
enteritis (cases 2 and 8). At times, the attacks of constipation are 
accompanied by mild distention and gaseous eructations. Annoying 
pain ranging from dull, aching to cramplike and even knifelike pains 
may supervene (cases 1, 2 and 4). Pain may be referred to the site 
of the lesion or to the umbilicus, or may become generalized. As the 
constipation grows more obstinate, the patient resorts to vigorous and 
even drastic purgation, which affords less and less relief. Eventually, 
catharsis may fail entirely and then serves only to cause severe griping 
and vomiting. As the disease advances, the bowel proximal to the 
obstruction distends and hypertrophy of the wall with painful peristalsis 
ensues. Peristaltic waves can often be seen and felt (cases 1, 4 and 
11). Distention is usually generalized as distinct from that in the upper 
part of the abdomen when there is obstruction of the small intestine. 
Painful peristalsis may be accompanied by characteristic gurgling appar- 
ent to both patient and examining physician. These symptoms grow 
progressively worse. Uncontrollable nausea with foul, fetid breath and 
vomiting may bring the patient to a stage of almost complete exhaustion. 
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In some cases, symptoms may not be noticed until a serious acute 
complication occurs. A patient in good nutritional state and in apparent 
health may suddenly be seized with complete or almost complete intes- 
tinal obstruction (case 5) resulting from the sudden occlusion of the 
constricted lumen by a mass of undigested food or impacted feces. 
Inflammatory edema or adhesions at the site of obstruction may add to 
the difficulties. There may thus be a history of repeated attacks of 
partial obstruction with subsequent relief. As a result of the progressive 
narrowing of the lumen, each successive attack becomes more severe. 
Pain is absent in the early stages, since at this time the lesion is usually 
confined to the mucosa. In the further course of the disease, fibrosis 
keeps pace with ulceration, and as a result bleeding may not be serious 
enough to attract attention, and may be entirely absent. 

The pencil stool, so diagnostic of stricture of the rectum, rarely 
occurs in carcinoma of the colon. The contents of the colon even at the 
splenic flexure are semisolid, and as a consequence a considerable con- 
striction may take place before the fecal current is appreciably retarded 
(case 3). The fecal matter is forced through the constriction, the water 
is absorbed in the lower colon and the rectosigmoid produces a normal 
stool. 

The leukocyte count in cases of obstruction of the colon due to car- 
cinoma is not strikingly abnormal. In our cases, it has ranged from 
normal to 13,000. A variable anemia, depending on the duration and 
severity of the symptoms and the accompanying toxemia, is usually 
present. Again, anemia may be absent entirely. The pulse, respirations 
and temperature are surprisingly little affected; in fact, they may be 
practically normal even in the presence of severe obstruction with pro- 
found toxemia. 

The urine is often normal or may show traces of albumin and ace- 
tone with occasional casts. In the severe cases with marked obstruction, 
the urinary symptoms often indicate marked impairment of kidney func- 
tion and severe acidosis. The output of urine in the average case is not 
markedly decreased. In instances of prolonged vomiting followed by 
depletion of body fluids and acidosis, the urine is highly colored, con- 
centrated and greatly reduced in quantity. 

It should be mentioned that occasionally peculiar omental, appeniiical, 
colonic and ileac membranes occurring from primary developmental 
errors may cause clinical syndromes simulating carcinoma of the colon 
(cases 6 and 7). The resultant partial obstruction leads to stasis and 
constipation. The patient loses appetite and weight. Absorption of 
toxins from the large bowel produces anemia. Progressive narrowing 
of the lumen causes partial or complete obstruction. Roentgen exam- 
ination reveals a picture not unlike obstruction from carcinoma of the 
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colon, and the exact diagnosis is made at operation (cases 6 and 7). 
Certain conditions due to diverticulitis, coloptosis and renal lesions may 
simulate carcinoma of the colon, but a careful history and physical exam- 
ination should eliminate any real confusion. 

With regard to further diagnostic aids, we feel that a careful roent- 
gen examination should be made in all cases, with the exception of those 
in which the patient is critically ill from obstruction. Exhaustive diag- 














Fig. 1 (case 5).—Anteroposterior view of the colon at the time of the first 
roentgen examination. The obstruction in the descending colon is not revealed 
in this picture due to the fact that the upper distended sigmoid loop is superimposed 
on the growth. A single roentgen examination may thus be misleading. 


nostic measures are contraindicated in these instances and emergency 
colostomy should be performed. The x-ray picture, in addition to 
revealing the location of the lesion, shows the extent of .the dilatation 
of the proximal bowel and the degree of obstruction. This information 
is of great help in the subsequent exploration. A single roentgen exam- 
ination is sometimes misleading. Thus, in a case of carcinoma in the 
lower descending colon the true lesion was not observed because at the 
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time of examination the film taken in the anteroposterior direction failed 
to demonstrate the obstruction due to a large superimposed sigmoid loop 
(fig. 1). At a subsequent examination the sigmoid loop was shifted to 
the right, thus uncovering a constricting annular carcinoma of the lower 
descending colon (fig. 2). The fallibility of a single roentgen examina- 
tion has been mentioned by Bevan, among others, who stated that “in 
some cases of carcinoma of the hepatic and splenic flexures, the over- 














Fig. 2 (case 5).—Roentgenogram taken in the left anterior oblique position. 
The sigmoid loop is displaced to the right revealing an annular constriction of 
the lower descending colon. Compare this picture with that shown in figure 1. 


lapping of the shadows of the barium in the bowel made it impossible 
in the plate to see any filling defect.” 


PATHOLOGY 


Carcinoma of the colon occurs usually as adenocarcinoma. Besides 
the rectum, there seems to be a predilection for the hepatic and splenic 
flexures and the sigmocolon. The lesion commences in the mucosa, and 
in some instances may remain localized indefinitely as an ulcer. Infil- 
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Fig. 3 (case 2).—Drawing oi annular carcinoma of the sigmoid removed at 
operation Jan. 6, 1922. Note the thick constricting growth and the practically 
complete obliteration of the lumen of the colon. The great hypertrophy of the 
wall of the bowel proximal to the growth is illustrated. 
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tration of the immediately contiguous tissue generally ensues with a ten- 
dency to encircle the lumen, thus producing an annular stricture with 
obstruction (cases 1, 2, 3, 5, 10 and 11). The lesion may form either 
a solitary, sharply defined, fungoid tumor, or the wall of the bowel may 
be more extensively involved causing great thickening and sclerosis with 
conversion of the colon for a variable distance into a thickened, firm, 
cylindrical tube. It is surprising that the bowel may continue to func- 
tion without producing great discomfort until complete occlusion with 
sudden obstruction supervenes (cases 1, 2,3 and 5). When the growth 














Fig. 4—Photograph of an annular carcinoma of the colon 
within the lumen of the bowel. The wall of the bowel itself is 
entire circumference of the growth and the protruding granular 
margin immediately surrounding the greatly constricted lumen are 
is the type of lesion found in several cases in this series. 


viewed from 
everted. The 
and papillary 
shown. This 


penetrates the wall of the bowel, adhesions to adjacent viscera or per- 
foration with local or general peritonitis may result (cases 5 and 10). 
The bowel above the tumor is usually involved in a chronic inflammatory 
process and, depending on the extent of the occlusion, dilates and hyper- 
trophies. The bowel distal to the tumor stands out in marked contrast, 
being usually normal or actually collapsed (figs. 3 and 4). 
Microscopically, the glands in the mucosa are enlarged; the lining 
cells are hypertrophied and increased in numbers. There may be inva- 
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Fig. 5 (case 1).—Photomicrographs of a section taken from an adenocarcinoma 
of the hepatic flexure. The irregularly shaped acini and the abundant fibrosis 
are shown. Hematoxylin and eosin stain. 
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sion of the underlying musculature by the carcinoma cells. Irregularly- 
shaped acini invade the wall of the bowel and are separated by strands 
of connective tissue in which there are epitheloid, lymphoid and poly- 
morphonuclear cells. The tubules are lined with cells containing large 
nuclei rich in chromatin and karyokinetic figures. The ulcerated areas 
contain leukocytes and cellular débris (fig. 5). The regional lymph 
glands may or may not show metastases. They are often enlarged as 
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Fig. 6 (case 2).—Roentgenogram of the right tibia showing cortical defect due 
to metastatic involvement from an adenocarcinoma in the sigmoid. The lesion 
in this instance appeared unusually favorable for complete removal. A section 


taken from the tibial metastasis proved on microscopic examination to be 
adenocarcinoma. 


a result of inflammatory reaction rather than from malignant infiltration. 
Frequently rigid microscopic search fails to reveal any evidence of malig- 
nancy (see pathologic report, case 2). This was our experience in four 
of the ten cases. 

It has been generally accepted that there is a relative freedom from 
early metastases in carcinoma of the colon. Numerous instances are 
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cited in the literature in which after five years or longer there have been 
no recurrences following resection of the growth and the regional lymph 
nodes. The lymphatics of the colon are less abundant than those of the 
small intestines. This difference in lymphatic supply may possibly 
explain the relatively late metastases in carcinoma of the colon as com- 
pared with malignant growths of the small intestine. It has been stated 
that in as many as 50 per cent of patients with a malignant condition 
of the colon, the disease at autopsy is still localized in the bowel. When 
the tumors produce metastases, nodules appear in the peritoneum, the 
regional nodes and the liver (cases 8,9 and 10). Death is usually due 
to complications, such as intestinal obstruction with perforation, abscess 
formation and peritonitis. 

Madelung expressed the belief that the spread of carcinoma through 
the lymphatics does not occur as readily when the lesion is at the splenic 
flexure as it does when the growth is at the cecum or in the ascending 
colon. In his extensive review of the literature, he found involvement 
of the liver reported relatively infrequently in the earlier stages of the 
disease. Distant metastases are also relatively infrequent. However, 


in one of our cases an interesting metastatic tumor occurred in the right 
tibia (fig. 6). 


PRELIMINARY TREATMENT 


The care of patients with carcinoma of the colon can be divided into 
the preparatory and operative treatment. The condition of the patient, 
when first seen, determines the type of treatment. When the diagnosis 
is made before the general health of the patient is seriously impaired 
and before definite symptoms of obstruction have intervened, there need 
be no hesitancy in undertaking the necessary surgical measures since no 
special supportive or preparatory measures are indicated (cases 3 and 9). 

In case symptoms of obstruction have not been troublesome, there 
is sufficient time to investigate carefully the general status of the patient. 
Occasionally, serious anemia may result from a carcinomatous ulcer. 
Nutritional disturbances may follow extensive metastases. It is, there- 
fore, necessary to take into account the age, the loss of weight, the blood 
picture, the presence or absence of acidosis, the nature and extent of 
the growth and the possible signs of obstruction. The patient should 
be put to bed, a nourishing liquid and soft diet should be given and the 
bowels regulated by the administration of mineral oil in adequate quanti- 
ties. Tonics and iron can be given to advantage. In certain cases, 
transfusions are imperative. 

When the body fluids have been depleted by vomiting and when 
varying degrees of acidosis are present, hypodermoclysis of physiologic 
solution of sodium chloride, enteroclysis of dextrose and. sodium bicar- 
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bonate solutions and the intravenous administration of 5 per cent dex- 
trose solution are invaluable, and are particularly recommended. These 
measures, we feel, are often life saving (cases 1 and 2). Sodium bicar- 
bonate by mouth and the administration of liberal amounts of alkaline 
and sugared drinks as soon as possible after operation help to combat 
the acidosis and accelerate convalescence. 

When patients are seen in the stage of distention and when colostomy 
does not seem imperative, we are frequently able to relieve distention 
and even vomiting by means of enemas, stupes, gastric lavage and the 
introduction of mineral oil through the stomach tube. When the vom- 
iting has been relieved it is well to administer mineral oil in doses of 
Y% to 1 ounce at frequent intervals. Nourishing fluids and soft food 
of high caloric value are then given. We would emphasize the necessity 
of sustaining the patient, relieving the obstructive symptoms, conserving 
the body fluids and combating the acidosis. In accordance with the 


foregoing suggestions, unfavorable cases are frequently converted into 
relatively favorable ones. 


OPERATIVE TREATMENT 


In planning the technical steps to be followed in any operation for 
carcinoma of the colon, it is of the utmost importance for the surgeon 
to realize that unless the extent of operation is kept well within the limits 
of tolerance, an unfavorable result will almost certainly follow. Explora- 
tion to determine the cause and nature of the obstruction may be out of 
the question owing to the critical condition of the patient resulting from 
marked obstruction. If it is reasonably certain that the obstruction is 
in the large bowel, an emergency colostomy under local anesthesia must 
be the first stage (cases 1 and 2, fig. 7 A). Preliminary colostomy, in 
addition to rendering the bowel relatively clean for subsequent operative 
procedures, allows the nutritional state of the patient to be improved 
and permits the proximal dilated and possibly hypertrophied bowel to 
regain its tone and contract to normal size. This greatly facilitates sub- 
sequent anastomosis and permits firm healing by relieving the line of 
suture from distention. 

When sufficient time has elapsed for the patient to recover his 
strength, a second-stage operation is undertaken. At this time the site 
and character of the lesion are determined, and a search is made for 
metastases in the adjacent retroperitoneal glands and in the liver. In 
case.of extensive metastasis in the regional glands or in the liver, further 
operative measures are obviously contraindicated. 

In carcinoma proximal to the middle third of the transverse colon, 
without evident metastases, the second stage consists of division of the 
terminal ileum, ileocolostomy, possible division of the transverse colon 
just distal to the hepatic flexure and proximal to the ileocolostomy and 
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Fig. 7—Diagrammatic drawings illustrating the steps of the three-stage opera- 
tion when the carcinoma is proximal to the middle third of the transverse colon, 
and when the critical condition of the patient permits of colostomy only. 

A illustrates the first stage, namely, colostomy only; 

B, the second stage, ileocolostomy with or without division of the transverse 
colon proximal to the anastomosis ; 

C, the third stage, division of the transverse colon (if this has not been accom- 
plished at the second stage), excision of the excluded proximal bowel containing 
the tumor, and excision of the former colostomy tract. 





In case the condition of the patient permits, stage A (colostomy) may be 
omitted, and ileocolostomy is done at once as the first step in a two-stage operation. 
This procedure was followed in case 3 of our series. 
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closure of the divided ends of the bowel (fig.7B). If the condition of 
the patient should not permit of this, the division of the transverse colon 
should be left to the third stage, at which time the excision of the growth 
and excluded bowel is accomplished (fig. 7C). The division of the 
bowel at the second stage has this advantage, that the omentum may be 
interposed between the divided ends of the transverse colon and placed 
downward and to the right of the small intestines, so as to separate the 
latter from the ascending colon. A few interrupted sutures may then 
be employed to hold the omentum in this position. The marked advan- 
tage of carrying out these details is apparent at the third stage when it 
is possible to mobilize and excise the tumor, ascending colon and hepatic 
flexure in practically extraperitoneal fashion. The small bowel and the 
anastomosis scarcely come into view and there is consequently little 
danger of infecting the general peritoneal cavity. The colostomy tract 
is also excised (fig. 7C). There may be some unavoidable soiling 
which is taken care of by generous drainage at the site of the old colos- 
tomy (case 2). A patient whose general condition has, as a result of 
obstruction, necessitated immediate colostomy may not have recovered 
sufficiently at the time of the second stage to permit ileocolostomy, 
excision of the growth, adjoining bowel and regional lymph nodes. It 
is in cases of this kind particularly that we feel it is much safer to operate 
in three stages. There would be considerable risk in most cases in com- 
pleting the entire procedure in two stages. 

On the other hand, if it has been possible by means of the roentgen 
examination to determine the site and character of the lesion, and, fur- 
thermore, if the condition of the patient is unusually favorable, prelim- 
inary exploration is done. L[leocolostomy with or without cecostomy is 
performed if the growth is proximal to the middle of the transverse 
colon. In this manner two stages have been combined into one. At the 
second stage, the operation comprising division of the transverse colon 
and excision of the proximal excluded portion is completed. This is 
the type of two-stage operation employed in favorable cases only. In 
other words, the first two stages of the three-stage operation are com- 
bined into one. 

In patients with carcinoma of the splenic flexure, we have carried 
out generous mobilization of the flexure with the adjoining proximal 
and distal colon in order to facilitate lateral anastomosis after excision 
of the growth (cases 5, 10 and 11). In instances of obstruction, pre- 
liminary cecostomy should be done for reasons already mentioned. The 
same circumstances govern the types and stages of operation for removal 
of carcinoma at the descending colon, sigmocolon or in the sigmoid itself. 


Reference to the diagrams will make the preceding description clearer 
(fig. 8, A and B). 
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We have adopted the lateral anastomosis with an outer approximat- 
ing peritoneal and submucosal suture of fine silk and an inner continuous 
infolding chromic catgut suture placed in the well known Connell 
fashion, a previous continuous plain catgut stitch having been used in 
the muscle layers along the posterior margin of the stoma. The outer 
approximating silk suture is then continued anteriorly to complete the 
anastomosis. Fine silk is used to approximate the peritoneum. Occa- 
sional mattress submucosal stitches of fine silk are used for reenforce- 
ment. We have had no trouble from leakage of the anastomotic line, 
except in one case in which a cecostomy had not been done (see comment, 
case 5). A fecal fistula developed and convalescence was consequently 
prolonged. Cecostomy should have been done in this case. 
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Fig. 8.—Diagrammatic drawings illustrating the steps in stage operations when 
the carcinoma is at or near the splenic flexure. 


In case the condition of the patient is critical and there is marked obstruction, 
a preliminary (emergency) colostomy (as in A) is established for reasons similar 
to those governing the conditions in figure 7A. 


In case the condition of the patient permits, resection of the growth followed 
by lateral anastomosis (as in B) is done, preferably together with a simultaneous 


colostomy in most cases. It may be necessary to close the colostomy at a third 
stage. 


A generous mobilization of the involved portion of the colon, whether 
preliminary to anastomosis or excision, cannot be overemphasized. 
When the growth involves the ascending colon or the hepatic flexure, 
proper mobilization is important to facilitate excision of the bowel, tumor 
and regional lymph glands. When the splenic flexure, the descending colon 
and the sigmoid are involved, sufficient mobilization is necessary to 
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accomplish lateral anastomosis without tension (case 5,10 and 11). In 
removing the ascending colon and hepatic flexure, the parietocolic peri- 
toneum is incised just lateral to the ascending colon. By digital dis- 
section, the colon together with the retroperitoneal fat and lymph glands, 
is readily elevated. The hepatic flexure and the liberated bowel are then 
displaced toward the midline. The lymph glands, extending as far 
upward and medialward as the uncovered duodenum and vertebral col- 
umn, are removed. The vessels supplying the excluded colon are ligated, 
the posterior peritoneum is divided, and the mass is removed. Finally, 
the colostomy is released in case this has been previously established 
(cases 1, 2, 10 and 11). A few interrupted catgut sutures are used to 
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Fig. 9—Diagrammatic drawing illustrating the establishment of a permanent 


left colostomy in case of inoperable carcinoma of the lower descending colon 
or sigmoid. 


draw the divided peritoneum over the raw surfaces, care being taken 
not to constrict the duodenum in this procedure as was done in one of 
our cases. 

The omentum can be used to advantage in isolating the small intes- 
tines from the operative field preliminary to subsequent operation on 
any portion of the colon. The safety of anastomosis and excision is 
thus assured. The omentum can also be used to cover and protect the 
anastomotic line. A large cigaret drain is placed through the omentum 
to the anastomosis. Efficient drainage should be instituted whenever 
there has been soiling with contents of the large bowel because of the 
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well known infectivity and great toxicity of material derived from the 
colon (cases 2,4 and 12). In the event of considerable infection of the 
drainage tract and of the abdominal wound, early irrigations with physio- 
logic solution of sodium chloride or other mild solutions is of great 
importance. A patient debilitated by malignant disease and obstruction 
can ill afford to combat extensive infection. 

The Mikulicz operation is used to advantage in the absence of 
obstruction and when the tumor is localized to a portion of the bowel 
readily mobilized. When these conditions do not obtain there is danger 
of mechanical obstruction due to kinking and of peritonitis or abscess 
formation from pressure perforation. The stage operations are safer 





Fig. 10.—Diagrammatic drawing illustrating ileocolostomy without simultaneous 
cecostomy as a one-stage operation in instances of inoperable carcinoma of the 
proximal colon. This procedure is indicated when the obstruction is not critical, 
when liver metastases are present and when the general condition of the patient 
is still favorable. These conditions obtained in case 9. 


in such cases. They secure immediate relief from the obstruction and 
enable the surgeon to perform a more satisfactory resection at a later 
date. In the instance of inoperable carcinoma of the lower descending 
colon and sigmoid, a permanent left colostomy is performed merely for 
palliation (fig. 9, case 8). 


SUMMARY AND END-RESULTS 
On the basis of a review of the literature and a detailed study of a 
small series of ten cases of carcinoma of the colon and two cases of 
obstruction due to pericolic membranes and simulating carcinoma of the 
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colon, we would emphasize the necessity for early recognition of the 
disease if favorable results are to be expected. Helpful facts leading to 
early recognition should therefore be sought. 


The symptomatology is largely though not necessarily dependent on 
the extent of the lesion and varies from a picture of frank intestinal 
obstruction with marked toxemia to one of little or no disturbance. 
Hence the physician must evaluate clearly such symptoms as may be 
present at the first examination. At times there is merely a story of 
indigestion of intestinal type. One should bear in mind the following 
symptoms: lack of appetite, progressive loss of weight, mild colicky pain, 













Fig. 11 (cases 10, 11 and 12).—Diagrammatic drawings illustrating the steps 
in the stage operations when the carcinoma is in the lower descending colon or 
sigmoid. 


Excision of the growth, lateral anastomosis and a simultaneous cecostomy are 
performed in one stage when the condition of the patient is reasonably favorable, 
and when there is no alarming obstruction, as in A; surgical closure of the 
cecostomy thus becomes the second and final stage as in B (case 10). 


In the presence of marked obstruction and when the condition of the patient 
is not favorable, the first stage consists of cecostomy only. Excision of the 
tumor and lateral anastomosis are reserved for the second stage. Final closure 
of the colostomy becomes the third stage (case 11). 


In case 12 in which a fatal outcome followed excision of the growth, we 
performed lateral anastomosis and a simultaneous cecostomy (A) in one stage. 
It is our opinion that death would have been prevented had we restricted ourselves 
to a first stage emergency cecostomy to be followed at a later date by excision 
of the growth and lateral anastomosis as a second stage. 
would then have become the third stage. 


Closure of the cecostomy 
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pallor, weakness and anemia. Progressive constipation is frequently 
though not necessarily present even in advanced cases, since this com- 
plaint depends to a large extent on the degree of constriction present. 
Pain and distention suggest obstruction. In the more advanced cases, 
peristaltic waves, nausea and vomiting make their appearance in the 
absence of any prodromes. Singularly, acute intestinal obstruction may 
be the first real annoying symptom. While the presence of blood in the 
stools is significant in arriving at a diagnosis, its absence by no means 
precludes the presence of cancer. The leukocyte count, pulse rate, res- 
pirations and temperature are usually normal excepting when acute 
complications arise. Likewise the urine is often normal excepting when 
marked toxemia, vomiting and depletion of body fluids has occurred, at 
which times there is acetonuria and a diminished output. 

Roentgen examination is at all times of the greatest help. It reveals 
proximal distention and stasis long before real obstructive symptoms 
appear. The great value of the barium enema cannot be overempha- 
sized. In view of the fact that a single roentgen examination may fail 


to reveal the presence of a lesion, need for repeated roentgen examina- 
tions should be appreciated. 














Early diagnosis is necessary for successful operative treatment. 
When this is possible, a cure may be expected in many of the early cases. 
Proper and effective surgical procedures should be instituted while the 
disease is still localized. When the condition of the patient precludes 
an immediate major surgical procedure, preliminary supportive measures 
are imperative. These consist of hypodermoclysis, enteroclysis and the 
intravenous administration of dextrose and saline solutions. The status 
of the patient must be carefully considered before planning the type of 
surgical measures applicable to his case, for only in this manner can his 
welfare be reasonably assured. If the tolerance for operation is exceeded, 
a bad result will most certainly follow. In the critical cases, colostomy 
may be the only procedure compatible with safety. 

When the growth is proximal to the middle third of the transverse 
colon, the second-stage operation consists of the division of the terminal 
ileum and ileocolostomy with or without division of the transverse colon 
proximal to the ileocolostomy. When a third-stage operation is neces- 
sary, the growth and the excluded bowel are removed. In the more 
favorable cases, namely, those in which obstructive symptoms have not 


been unusually prominent, the first two stages may sometimes be com- 
bined into one. 
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In the case of carcinoma at or near the splenic flexure, the same 
principles govern. Preliminary colostomy may be necessary as the first 
stage, in which case, excision of the tumor and lateral anastomosis of 
the proximal and distal segments are reserved for the second stage. 
Closure of the colostomy may occasionally necessitate a third stage. 
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Furthermore, in lesions of the splenic flexure and the descending colon, 
excision of the tumor and lateral anastomosis is preferable to ileocolos- 
tomy or ileosigmoidostomy for the reason that diarrhea and troublesome 
enteritis are thus prevented. 

In all operations on the colon, the omentum can be used to advantage 
in isolating and protecting the small intestines from the field of opera- 
tion. Possibility of gross infection is thereby greatly minimized. 

In the ten cases of carcinoma reported there were two operative 
deaths as the result of failure to take full advantage of the principles 
of the stage operations. The first of these deaths occurred following 
a Mikulicz operation for carcinoma of the lower colon. Unfavorable 
conditions previously enumerated existed, and a first-stage cecostomy 
should have been done and doubtless would have been life saving. The 
second operative death occurred as a result of failure to apply the prin- 
ciples of the stage operations with true regard for the patient’s tolerance. 
Here again, we believe that a preliminary cecostomy only would have 
been life saving. 

Four patients were living and well, five, seven, eight and eight and 
one half years following operation, respectively. It is interesting from 
the point of view of pathology and prognosis that on microscopic exam- 
ination the regional lymph glands failed to show metastatic involvement. 
Again the tendency to relatively late metastases in the regional lymph 
glands in carcinoma of the colon is illustrated. 

Four deaths occurred from metastases, one ten weeks, one six 
months, one ten months and one approximately two and one half years 
following operation. 

It is interesting that in contrast with the negative pathologic obser- 
vations in the patients living and well, five or more years after operation, 
the four patients who succumbed to their disease showed metastatic 
involvement. Two showed extension to the liver in addition to infiltra- 
tion of the regional glands. In one there were metastatic nodules in the 
retroperitoneal glands only. No involvement of the regional lymph 
glands or the liver could be demonstrated in the fourth case. However, 
in the fourth case.a metastatic tumor made its appearance early in the 
right tibia. Again it is forcibly impressed that an unfavorable prognosis 
may be expected unless operation is undertaken during the period at 
which the lesion is still localized to the bowel. 

The fact is revealed even in our small series that deferred operation 
need not necessarily be hopeless since the relatively late regional involve- 
ment may permit a favorable outcome in certain instances. Extensive 
fibrosis in and about the lesion and the absence of abundant lymphatic 
drainage are doubtless influencing factors in the relatively late regional 
metastases. 
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REPORT OF CASES 


Case 1.—C. W., aged 46, American, colored, single, was admitted to the hos- 
pital on Dec. 31, 1919, with the complaint of constipation, vomiting, abdominal pain, 
headache and weakness. The past history was negative. The present illness began 
three months before admission with obstinate constipation. It was characterized 
in the beginning by moderate vomiting which became more frequent and annoy- 
ing, and later fecal in character. During the past month, abdominal pain and dis- 
tention with the appearance of intestinal patterns had developed. The patient had 
generalized colicky pain, extreme meteorism, loss of appetite and loss of 
weight, 70 pounds (31.8 Kg.), since the onset of the present illness. Drastic 
catharsis and colonic irrigations were unavailing. Extreme weakness developed. 


Principal Observations——On admission, the temperature was 98.6 F.; the pulse 
rate, 85, and respirations, 23. The patient was markedly emaciated, with low 
tension pulse and extensive arteriosclerosis. Frequent belching and vomiting of a 
distinctly fecal odor occurred. The breath had an acetone odor. Great abdominal 
distention and intestinal patterns, hyperresonance and gurgling were noted. There 
were 13,400 white blood cells and 75 per cent hemoglobin. The urine showed actone. 

The patient was in extremis. Dextrose and sodium bicarbonate solutions were 
given by rectum. Intravenous administration of dextrose solution and other 


supportive treatment were given. The clinical diagnosis was probable carcinoma of 
the colon. 


First-Stage Operation—Jan. 7, 1920: The condition of the patient had 
improved sufficiently to warrant abdominal exploration. A right rectus incision 
was made. There was distention and hypertrophy of the cecum and ascending 
colon. A hard, movable, nodular mass, the size of a fist, was found in the hepatic 
flexure; also a nodule in the neighboring peritoneum. A hasty right colostomy 
was done. Intravenous administration of saline solution was given during the 
operation. The condition of the patient was very poor. Relief from distention 
and improvement of appetite followed drainage through the colostomy. Broncho- 
pneumonia developed five days after operation. 


Second-Stage Operation—February 27: The patient had improved greatly. 
Abdominal exploration was performed through a rectus incision. No visible or 
palpable metastases were found in the liver. One retroperitoneal nodule was seen 
adjacent to growth. The terminal ileum was anastomosed to the transverse colon. 
Excision of the terminal ileum, cecum, ascending colon, tumor mass and part of 
the transverse colon, together with portions of the mesentery and adjoining lymph 
glands was performed. The patient was given 500 cc. of 5 per cent dextrose intra- 
venously during the operation and returned to the ward in good condition. 

Profuse vomiting and gastric peristalsis developed gradually after operation, 
as a result of duodenal obstruction. On the fourth day (March 1, 1920), the 
abdomen was reopened. The duodenum was found stenosed by too close approxi- 
mation of the peritoneum at the second stage. The duodenal constriction was 
released. Following operation, the patient began to retain nourishment; the bowels 
moved freely, and he improved rapidly. He was discharged on May 25, apparently 
fully recovered from his abdominal complaint. 


Pathologic Report——There was a constricting, hard, nodular ring just beyond 
the hepatic flexure, and distention and hypertrophy of the proximal ascending 
colon. In its widest portion, the tumor measured 5.5 cm., in its narrowest portion, 
3.5 cm. There was central sloughing. One metastatic nodule the size of an olive 
was in close proximity. 
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Microscopic Pathologic Report—Sections taken from the metastatic nodule in 
the retroperitoneal tissues adjacent to the growth, showed a dense fibrotic back- 
ground in which carcinoma cells are seen in the form of solid masses and alveoli. 


Subsequent Report—Feb. 4, 1923: The patient has been entirely well since his 
operation and has gained in weight. At this date he weighed 175 pounds 
(79.4 Kg.). Abdominal examination revealed no areas of tenderness or palpable 
masses. The edge of the liver could not be felt. The patient was free from any 
complaints that might be referable to his former condition. 


Comment.—This case represents an extreme example of obstruction 
of the large bowel. Any surgical procedure of greater extent than 
colostomy would have been incompatible with life. The necessity for 
supportive and prophylactic treatment (enteroclysis, hypodermoclysis 
and intravenous injections) is illustrated. The preliminary colostomy 
enabled the patient to improve sufficiently to endure a major secondary 
procedure. Had he been in any less favorable physical condition at the 
second stage, it would have been wise to have stopped with a short- 
circuiting ileocolostomy to be followed at a later date (third stage) by 
excision of the tumor and excluded bowel (see comment in case 2). 


Case 2.—J. L., aged 57, white, married, was admitted to the medical service on 
Oct. 6, 1920, complaining of abdominal pain, weakness, loss of weight and vomiting. 
The family and past histories were negative, except for cancer of the breast in 
one sister. The present illness began a year and a half before examination, when 
the patient noticed slight, recurring, transient pains in the region of the umbilicus. 
These pains increased in frequency and severity. Recently, they had become 
colicky and even stabbing. Vomiting, nausea, griping and anorexia had developed 
in the past four weeks before admission to the hospital. There were alternating 
attacks of constipation and diarrhea, but no mucus or blood in the stools. The 


patient lost 16 pounds (7.3 Kg.) in weight in a year and a half. Profound weak- 
ness developed. 


Principal Observations—On admission, the temperature was 100 F.; the pulse 
rate, 90, and respirations, 25. Marked dyspnea, great emaciation and fetid breath 
were noted. The abdomen was scaphoid. Visible peristalsis was not present. No 
masses were felt. The urine showed acetone. There were 9,640 white blood cells 
and 71 per cent hemoglobin. The stomach contents showed an absence of free 
hydrochloric acid. Roentgen examination on Oct. 7, 1920, by Dr. Bell, showed a 
filling defect in the proximal portion of the transverse colon. 

On the day after admission, the patient had an attack of continuous vomiting 
with severe abdominal pain, and showed great prostration. On October 15, he 
asked to go home “to die.” He was readmitted to the medical service on 
October 19, where he was given liberal supportive treatment (enteroclysis, 
venoclysis) for the next few days. 


First-Stage Operation—Oct. 22, 1920: The patient’s condition, though 
slightly improved, contraindicated extensive operation. A hasty cecostomy was 
done as an emergency measure through a McBurney incision. Twenty-four hours 
later, the cecostomy was completed by actual cautery. There was an immediate 
escape of gas and foul-smelling semisolid fecal matter. Marked progressive 
improvement in appetite and general nutrition, with complete remission of pain 
and nausea, ensued. 
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Second-Stage Operation—November 10: Ileocolostomy was performed. The 
patient was decidedly improved. Abdominal exploration was made through a 
liberal right rectus incision. A mass as large as a fist, hard and fibrotic, was 
found just below the hepatic flexure. A few enlarged glands were noted in the 
omentum. Resection was not warranted at this time. The ileum was divided 
6 inches (15 cm.) from the iliocecal valve and implanted into the transverse colon 
slightly to the left of the midportion. A large cigaret drain was placed to the line 
of sutures. The condition of the patient was fair at the end of the operation. 
He improved rapidly 

Third-Stage Operation—December 15: The colostomy was carefully obscured 
from the operative field. The abdomen was entered through a long right rectus 
incision. The parietocolic peritoneum was incised, and the cecum, ascending colon 
and transverse colon, including the tumor mass, were freely mobilized by digital 
dissection. The bowel near the cecostomy was then freed from the abdominal 
wall, and finally the part of the terminal ileum that was left behind at the former 
operation, together with the appendix, cecum and ascending colon (as far as 
the ileocolostomy), were removed en masse. One large cigaret drain was inserted 
through the former colostomy to the right kidney fossa. The patient endured 
the operation very well. Saline solution was administered subpectorally. 

Following the operation, there was gradual progressive improvement. <A 
rather badly infected drainage tract delayed the convalescence somewhat. On 
Jan. 12, 1921, the patient was allowed to leave the hospital. He seemed quite 
well. 


Gross Pathology—At the hepatic flexure there was a large, rounded, firm 
mass almost completely occluding the lumen of the bowel and converting it into 
a small tunnel about 1 cm. in diameter and 4 cm. in length. The bowel proximal 
to the tumor was generally hypertrophic and distended in contrast to the distal 
portion which is collapsed and more nearly normal. 


Microscopic Pathology—Section from the wall and edge of the ulcerated 
growth showed great numbers of irregularly-shaped acini extending downward to 
a very considerable depth and separated by strands of connective tissue in which 
there were epithelioid, lymphoid and polymorphonuclear cells. Irregular chromatin 
figures occurred here and there in the irregularly arranged columnar cells. The 
normal structures of the bowel wall had been destroyed at the deeper levels. 
The lymph glands adjoining the growth and at some distance from it failed to 
show any evidence of metastases on microscopic examination. 

Subsequent Report—Feb. 4, 1923: The patient reported that he was eating 
a full diet and the movement of his bowels was regular. He weighed 132% 
pounds (60.15 Kg.). 

Jan. 4, 1929: The patient looked well and stated that he had maintained his 
weight without difficulty. Although he was 65 years of age, he looked much 
younger. At this time the abdominal examination was entirely negative for a 
demonstrable pathologic process. There were no hernias. Liver dulness was 
within normal limits. He seemed entirely well. 





Comment.—As in the previous instances, this case also shows the 
advisability of conservative surgical treatment of a patient seriously ill 
with carcinoma of the colon, who could obviously not tolerate a major 
surgical operation. In our opinion, a cecostomy in this case was the 
only surgical procedure that was compatible with survival. The colos- 
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tomy relieved the obstruction and permitted improvement of the nutrition 
to such an extent that the necessary further steps could be undertaken 
safely in stages. At the time of the second-stage operation, the patient, 
though greatly improved, could hardly have survived an extensive resec- 
tion. Hence, we stopped with ileocolostomy with exclusion of the 
obstructing mass and proximal bowel. 


Case 3.—J. M., a man, aged 62, boilermaker, white, married, was admitted to 
the hospital on Oct. 27, 1920, complaining of soreness over the abdomen with 
occasional attacks of acute pain in the right upper quadrant, and loss of weight. 
The present illness began two years previously with occasional pains in the 
abdomen. The pains became more severe and were occasionally associated with 
nausea and vomiting. Thirteen months previously, cholecystostomy and appen- 
dectomy were performed. One month after operation, pain in the right upper 
quadrant returned. Anorexia had been present for many months. In the last 
three years he lost from 30 to 40 pounds (13.6 to 18.1 Kg.) in weight. Dyspnea 
was noted on exertion. There was no history of blood in the stools, griping or 
visible peristalsis. 

Principal Observations—On admission, the temperature was 98.6 F.; the pulse 
rate, 85; respirations, 22. The patient appeared well preserved but slightly anemic. 
The abdomen contained no palpable masses or tender areas. There were 7,200 
white blond cells and 65 per cent hemoglobin. Roentgen examination revealed a 
slight pyloric obstruction with six hour retention (thought to be due to possible 
adhesions from the previous operation). 


First-Stage Operation—Oct. 29, 1920: Exploratory laparotomy was done 
through a right rectus incision. There were numerous adhesions. Regional 
exploration revealed a large hard, firm and fibrotic mass the size of a fist at the 
hepatic flexure. On releasing the adhesions, free mobilization of the colon was 
possible. The six hour retention evidently had been due to the encroachment of 
this growth on the duodenum. The terminal ileum was divided at about 7 inches 
(17.7 cm.) from the ileocecal valve and the proximal end was implanted into 
the transverse colon by lateral anastomosis. It was felt that excision of the 
excluded bowel could not be attempted in safety at this time. One cigaret drain 
was placed to the line of suture and the wound was closed. 

Continuous improvement took place, and after the lapse of one month the 
patient was in condition for the second stage. 


Second-Stage Operation—November 29: The abdomen was entered through 
a large right rectus incision. The transverse colon was divided distal to the 
tumor and proximal to the anastomosis. The terminal ileum, cecum, ascending 
colon, tumor and part of the transverse colon were removed en masse. One 
large cigaret drain was placed in the kidney fossa. Only a few enlarged glands 
were encountered in the omentum. There was no evidence of metastasis to the 
liver. The tumor was firm and scirrhus in character, without extensive ulceration. 
Saline solution was administered by hypodermoclysis. The patient’s condition 
seemed excellent. 

The postoperative recovery in this case was uneventful, and on December 11, 
twelve days after the last operation, the patient was discharged. 


Pathologic Report—The excised tumor was a typical adenocarcinoma and in 
general was like the lesions described in cases 1 and 2. The regional glands 
contained no demonstrable carcinoma cells. The detailed report, therefore, is 
omitted. 
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Subsequent Report.—Feb. 4, 1923: The patient stated that he had been feeling 
exceedingly well and had been working at his former occupation during the past 
year and a half. He weighed 162 pounds (73.5 Kg.), which is 10 pounds (4.5 Kg.) 
above his best weight previous to his present illness. He had on the average three 
bowel movements a day. Palpation revealed no tenderness or masses in the 
abdomen. 


Comment.—The history of a previous operation on the gallbladder, 
together with the roentgen diagnosis of pyloric stenosis with retention, 
led us to make a provisional diagnosis of pyloric and duodenal adhesions. 
We feel that a complete roentgen examination including a colon enema 
of barium sulphate would have established the diagnosis before opera- 
tion. The case also illustrates that in certain instances the lumen of. the 
bowel may shrink to surprisingly small proportions without producing 
serious signs of intestinal obstruction. 


Case 4.—Mrs. H. L., a housewife, aged 42, was admitted to the hospital on 
Feb. 3, 1921, complaining of colicky abdominal pain, nausea, vomiting and obsti- 
nate constipation. The present illness began two years previously with constipation 
and frequent belching. One and a half years ago, she had an attack of colicky 
pain lasting twelve hours. She also had indefinite attacks of abdominal discomfort. 
About five weeks before admission, she had an attack of colicky pain with frequent 
gaseous eructations, but unassociated with nausea or vomiting. Pain and con- 
stipation continued to be unrelieved by catharsis or enemas. On the fifth day 
of her attack, enemas were returned practically clear. On the sixth day, she 
continued to have severe “rumbling” pains. The following morning, there were 
severe nausea and vomiting of greenish-brown material. 


Principal Observations—On admission, the temperature was 99.6 F.; the 
pulse rate, 75, and respirations, 25. Great emaciation and pallor were noted. 
The respiration was of the thoracic type. The abdomen was distended from the 
umbilicus downward, and intestinal patterns were readily seen. There was severe 
tympanites. The abdomen was not especially tender to palpation, nor were there 
any palpable masses. There were 8,400 white blood cells and 80 per cent hemo- 
globin, The urine showed a trace of albumin and was positive for acetone. The 
roentgen examination, made by Dr. Bell, indicated obstruction in the lower 
descending colon. 

By means of mineral oil by mouth, turpentine stupes and enemas, the abdominal 
distention was relieved, and the patient was able to take fluids. 


First-Stage Operation—Exploratory laparotomy; Mikulicz colostomy, Feb. 
7, 1921: A left rectus incision was made. Coils of intestines under tension were 
found, and exploration was, therefore, difficult. An obstruction due to a scirrhous, 
annular growth, was found in the lower descending colon at the junction with the 
sigmoid. No definite metastases were apparent in the mesocolon, but several 
normal-looking glands were noticed. The tumor was mobilized, and a Mikulicz 
operation was performed through a left inguinal incision. 

February 8: The proximal and distal loops of the colostomy were becoming 
gangrenous. Distal and proximal portions of the excluded gut together with the 
mass were excised by electrocautery. Immediately gas and a steady stream of 
soft, foul, semisolid fecal matter escaped and afforded great relief to the patient. 
Later, extreme tenderness developed lateral to the colostomy. Vomiting er- 
vened. Partial retraction of the bowel followed. 
































— 


—_ 


FEST 


Sees ae 











— 





en tKereey TA 


es 2 = + 
Re ae 


Se SRR FR TREE 


PP 0 A er 


SCP ses 





had 





be 


1022 ARCHIVES OF SURGERY 


February 9.: The patient continued to vomit. The general condition became 
decidedly critical. The temperature was 99.6 F.; the pulse rate, 96, and respira- 
tions, 24. There was a definite reddening of the entire left flank and lumbar 
region with an escape of foul-smelling pus from the wound. There was evidence 
of infection of the abdominal wall with abscess formation. 

February 17: Ten days after operation, the patient died from intestinal 
obstruction, infection and local peritonitis. 


Comment.—We are of the opinion that this patient could have been 
saved by a more rigid application of the principles which governed the 
previous cases. Though seriously ill, she was by no means in such a pre- 
carious condition as obtained in cases 1 and 2. In another similar case, 
we would do a preliminary emergency cecostomy to relieve the intestinal 
obstruction and allow the nutritional status of the patient to improve so 
that a well planned secondary procedure could be undertaken with safety 
at a later date. The secondary procedure would then probably consist 
of excision of the tumor with lateral anastomosis in much more radical 
fashion than is permissible by the Mikulicz operation. The cecostomy 
could be closed by a relatively minor operation as a third stage if neces- 
sary, in case of failure to close spontaneously. 


Case 5.—W. J. M., a man, aged 45, an engineer, white, married, was admitted 
to the hospital on May 7, 1921, complaining of colicky abdominal pain, vomiting 
and constipation. The family and past histories were unimportant, except for 
constipation during many years. He had to use cathartics every two or three 
weeks. The present illness began two days previous to admission, when he had 
slight colicky abdominal pain, but he ate three meals as usual. He had taken 
a cathartic the previous night, and had a bowel movement the following morning. 
The morning before admission his pains increased, but in spite of this he ate 
his breakfast. In the evening, the abdomen became distended. Various kinds of 
cathartics and food were vomited soon after ingestion. The passing of gas by 
mouth and rectum relieved his distention somewhat. 


Principal Observations —On admission, the temperature was 99.4 F.; the pulse 
rate, 80, and respirations, 20. The patient was well developed and well nourished, 
and seemingly not very ill. The abdomen was moderately distended but was not 
tender to palpation. There was some muscle resistance. No masses were felt. 
The white blood count was 8,600. The Wassermann reaction was negative. 

By means of mineral oil by mouth and repeated enemas, the distention was 
greatly reduced, and the patient was able to take fluids well. The stools were 
very dark and strongly positive for occult blood. 

May 10, 1921; The results of the general examination were extremely 
satisfactory. 

May 12: Roentgen examination showed a constriction in the upper descending 
colon with passage of barium sulphate through a narrow tunnel about the size 
of the little finger. The first series of roentgenograms had been negative, owing 
to the fact that the omega loop of the sigmoid appeared in the anteroposterior 
plane of the abdomen, thereby obscuring the real picture. By tilting the patient 
to the right side at a subsequent examination, the omega loop was made to fall 
into the horizontal left-to-right plane of the abdomen, and thus a stricture in 
the upper sigmocolon was demonstrated. 

















GOETSCH-GOETSCH—CARCINOMA OF COLON 1023 


Operation—May 18: A one-stage operation was performed with the patient 
under gas-oxygen ether anesthesia, a left rectus incision being made. Exploration 
revealed a hard, irregular mass in the lower portion of the descending colon. 
There were no apparent metastatic nodules. The splenic flexure and descending 
colon were easily mobilized. The growth was removed, together with liberal zones 
of proximal and distal normal-looking bowel. A lateral anastomosis of transverse 
colon and sigmoid was then made. The large omentum was placed over the 
small bowel, thus practically walling off the descending colon from the peritoneal 
cavity. Appropriate drains were placed to the line of suture. 

May 26: The patient continued to improve and took nourishment well. The 
wound had been draining rather freely, and on this date there was a discharge 
of fecal matter through the drainage tract. 


June 7: The fecal fistula had closed. 

July 20: The wound healed, and the patient was discharged in excellent 
condition. 

Gross Pathologic Report—There was no great difference in the character of 
the wall of the bowel proximal and distal to the growth. There was a hard, 
irregular mass, to which was attached an area of fat, which when elevated exposed 
a perforation in the wall of the bowel. This perforation was in the center of 
the growth. When the bowel was opened, an irregular, oval, ulcerated growth 
with central ulceration measuring 5 by 6 cm. appeared. The growth did 
not extend around the entire circumference of the bowel. There were no evidences 
of gross glandular metastases. 

Microscopic Pathologic Report—Sections from the border of the ulcer showed 
irregular, branched, tortuous tubules lined by two, three, four or more layers 
of cells extending downward into the depth and invading the musculature of the 
bowel. The nuclei were of all shapes and sizes, with rich chromatin and numerous 
karyokinetic figures. The tumor gave the appearance of a highly malignant 
adenocarcinoma. 

Subsequent Report——June 22, 1928: The patient reported back from Scotland, 
approximately seven years after operation for carcinoma of descending colon. 
He weighed 200 pounds (90.7 Kg.). There was a wide operative scar, no 


herniation, and no constipation. He had a good appetite and considered himself 
entirely well. 


Comment.—This case is interesting in that intestinal obstruction 
came on suddenly as the very first real symptom in a man in apparently 
excellent health and in good physical condition. The need for pains- 
taking and careful thought and exhaustive diagnostics is evident from 
the fact that the man, within three days following the onset of his illness, 
was made free from all his complaints by ordinary eliminative measures, 
and hence would appear not to have been very seriously ill. The case, 
furthermore, demonstrates that a single series of roentgenograms may 
be entirely misleading (cf. foregoing). 


While the end-result in this case was very satisfactory, we are of the 
opinion that a cecostomy, either as a preliminary measure (first stage) 
or as a “safety valve” in conjunction with the anastomosis, would have 
been a wiser procedure. A cecostomy would have relieved the strain on 
the suture line, and a subsequent fistula would thus have been prevented. 
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Case 6.—Partial obstruction of the colon of benign origin. 


Mrs. L. A. S., aged 60, a housewife, white, was admitted to the hospital on 
Dec. 7, 1920, complaining of weakness, anemia, loss of weight and constipation. 
The present illness commenced eight weeks before admission with vertigo when she 
was getting up in the morning. Progressive weakness followed. She had lost 24 
pounds (10.9 Kg.) of weight since the onset of the present illness. In the eight 
weeks before admission, there had been a marked tendency to constipation with 
increasing demand for cathartics. Anorexia developed recently. She suffered from 
some nausea but no vomiting. There was no blood in the stools. She had some 
gastric discomfort with belching. 

Principal Observations—On admission, the temperature was 98.6 F.; the pulse 
rate, 110, and respirations, 25. The patient was well developed and obese. She 
felt no discomfort. The abdomen was large, rounded and flabby, but there was 
no definite tenderness or muscle spasm. There were no palpable masses. There 
were 9,000 white blood cells and 80 percent hemoglobin. The urine was normal. 

Roentgen examination indicated intestinal obstruction due to a_ lesion, 
probably malignant, in the first portion of the ascending colon. The cecum and 
lower colon were greatly distended and communicated with the upper ascending 
colon by a narrow constricted “tunnel.” 


O peration—Dec. 22, 1920: With the patient under gas-oxygen-ether anesthesia, 
abdominal exploration was made through a right rectus incision. The cecum 
was found covered with adhesions, and at a level of about 5 inches (12.7 cm.) 
above the ileocecal valve, there was a marked narrowing of the lumen of the 
bowel due to constricted vascularized adhesions running from within outward to 
the parietocolic peritoneum and deriving a definite blood supply from the mesenteric 
circulation. On release of these adhesions, the bowel distended to its normal 
size. No further abnormalities were found. The etiology of these peculiar 
pathologic formations was not apparent. Certainly, they were not due to 
appendicitis. 

The patient made an uneventful recovery with freedom from her preoperative 
complaints. She was discharged, well, on Jan. 10, 1921. 


Case 7.—Partial obstruction of the colon of benign origin. 

Mrs. B. B., aged 42, housewife, was admitted to the medical service on Sept. 
26, 1921, complaining of epigastric distress, dizziness, constipation, loss of weight, 
loss of appetite and nervousness. The family and past histories were negative. 
The onset of the present illness was slow and indefinite, approximately two and 
a half years before admission. At this time, the patient had attacks of epigastric 
distress and a feeling of dizziness and faintness during the attacks. During the 
past year she had obstinate and progressive constipation. There was one attack 
of diarrhea nine months previous to admission. She noticed mucus but no blood 
in her stools. She had lost 52 pounds (23.6 Kg.) in weight during the past 
eleven months. 

Principal Observations —On admission, the temperature was 98.6 F.; the pulse 
rate, 64, and respirations, 20. The skin was loose and indicated considerable loss 
of weight. The mucous membranes were pale. The abdomen was devoid of 
any tender areas or masses. The results of pelvic examination were negative. 
The blood counts at various times showed anemia. There were 7,800 white 
blood cells and 55 per cent hemoglobin. The urinalysis and Wassermann reactions 
were negative. 


Oct. 11, 1921: Roentgen examination, by Dr. Bell, indicated chronic obstruction 
of the upper ascending colon. 
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October 17: The patient was transferred for operation from the medical 
service to the surgical service. The loss of weight and the roentgen observations 
indicated a probable malignant condition. 


Operation.—October 19: With the patient under gas-oxygen ether anesthesia, 
the abdomen was entered through a right rectus incision. The cecum and 
ascending colon were found extensively dilated, as indicated in the roentgen 
observations. Near the hepatic flexure, there was a definite band of adhesions 
commencing laterally, circumventing the bowel and causing a constriction by con- 
traction and narrowing of the lumen. Numerous vascularized adhesions running 
from the lateral parietes over the colon were noted. On loosening these forma- 
tions, the normal lumen of the bowel was reestablished. There being no further 
abnormal observations, the abdomen was closed without drainage. The etiology 
of the peculiar pathologic formations as in case 6, was not clear. 

The convalescence was uneventful, and the patient was discharged on November 
4, free from all preoperative complaints. 


Comment.—Cases 6 and 7 do not properly belong in this series, but 
illustrate the necessity of a careful differential diagnosis. The history 
of loss of weight, constipation and anemia, together with the roentgen 
observations, made us lean to the diagnosis of obstruction from a malig- 
nant growth, in both cases. The narrowed lumen undoubtedly led to 
constipation and stasis. The resultant intestinal intoxication with 
absorption may have accounted for the loss of weight, anemia and gen- 
eral cachetic state. 

As a possible cause for the unusual vascular formations noted in 
cases 6 and 7, we may say that in general, the etiology of adhesions is 
quite apparent in the majority of instances, particularly at operation. 
Ordinarily, it is customary to consider peritoneal adhesions as the result 
of peritoneal inflammation in response to injury. The cause may be 
mechanical or in response to inflammatory disturbances in the adjacent 
viscera. 

Riedel (reported by Harvey) in 1894, first called attention to the 
fact that omental, appendical, colonic and ileac membranes occurring 
from primary developmental errors, might cause colicky pain and other 
symptoms of partial obstruction. He suggested that such membranes 
might be due to dragging of the colon on the mesentery with rupture of 
the supporting fibers and their accentuation by subsequent repair. Lane 
conceived the idea that these structures are merely an evolutionary 
response to the erect posture. Toldt and others, according to Harvey, 
have shown that the omentum at about the sixth month of fetal life 
may extend as far down as the cecum. Ordinarily, the omentum extends 
on the right approximately to the hepatic flexure provided the omentum 
has involuted properly. In rare instances, an omental process may 
extend well over and down the ascending colon and even fuse with the 
right parietocolic peritoneum, and it is thought by some that the per- 
sistence of the omental process and its fusion with the parietal 
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peritoneum accounts for various abnormal membranes. By a failure 
on the part of the omental process to keep pace with the descent and 
growth of the colon, angulation and kinking may occur which results 
in a formation of vascular bands and adhesions. 

By exclusion, we would assume that the unusual vascular bands 
described in cases 6 and 7 were due to developmental defects and that 
they were capable of producing a clinical picture simulating carcinoma 
of the colon with partial obstruction. 


These two cases (6 and 7) are included in this analysis because of 
the many points of similarity between them and the cases of obstruc- 


tion produced by carcinoma and because of necessity of differential 
diagnosis. 


Case 8.—W. D., a man, aged 64, a typesetter, was admitted to the medical 
service on Jan. 13, 1922, complaining of frequent bowel movements with blood 
and mucus. His illness began about four years before admission when he had 
diarrhea lasting ten days, with passing of blood and mucus. Three months 
before, he had periods of alternating constipation and diarrhea with passing of 
blood clots and mucus. He lost 23 pounds (10.4 Kg.) of weight. Three weeks 
before, cramps developed in the lower half of the abdomen, mostly on the right 
side and associated with increasing diarrhea. No marked distention occurred. 
At the time of admission, he was totally incapacitated. 


Principal Observations—On admission, the temperature was 99.2 F.; the pulse 
rate, 110, and respirations, 20. The patient was markedly undernourished, anemic 
looking, and showed a marked loss of weight. Moderate distention of the abdomen 
was noted. There was muscle spasm but no real rigidity. An indefinite, hard 
mass was palpable in the lower left quadrant. There were 7,200 white blood cells 
and 62 per cent hemoglobin. Urinalysis and the Wassermann reaction were 
negative. The stomach contents showed hypochlorhydria. The stools contained 
occult blood. The roentgen examination, by Dr. Bell, showed an obstruction 
of the lower colon. 

The patient was given the usual preparatory treatment. 


Operation—Jan. 20, 1922: The abdomen was explored through a left rectus 
incision. An irregular and immovable mass the size of a fist was found in 
the sigmoid. There were numerous metastatic nodules in the liver. A palliative 
left inguinal colostomy was made through the exploratory incision. Abdominal 
distention supervened. The eventrated loop of gut was therefore opened by 
electrocautery. An escape of gas and some fecal matter followed and the dis- 
comfort and distention were almost immediately relieved. The patient began to 
take food in increasing quantities. 

Owing to his greatly weakened and cachetic condition, convalescence was 
necessarily very slow and troublesome. On Feb. 19, 1922, he was in a decidedly 
better nutritional state and he was sent to a convalescent home for further care. 


Subsequent Report.—The patient died from general cachexia and myocardial 
insufficiency two weeks after his discharge from the hospital. 


Comment.—This case is interesting in that it is the first instance in 
our series in which the tumor was palpated through the abdominal wall. 
A striking feature was the fact that four years previous to entrance to 
the hospital the patient had severe diarrhea which was followed by a 
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long interval of comfort. This fact emphasizes the necessity of an 
early careful diagnostic routine, for it is highly probable that had this 
patient been given the benefit of thorough clinical and roentgen exami- 
nations four years before, a favorable outlook would have been possible. 
This case illustrates further the utter hopelessness of carcinoma of the 
colon with metastases, when the only measure of relief that can be 
given is a colostomy to prevent death from intestinal obstruction. 


Case 9.—Mrs. A. B., aged 64, was admitted to the hospital on Feb. 5, 1922, 
complaining of weakness, pain in the right side and vomiting. The past history 
was negative. The present illness began a year before admission with occasional 
cramplike pains in the lower part of the abdomen. The cramps occurred three or 
four times a week followed occasionally by diarrhea. Constipation occurred, 
especially during the past three months. Five weeks before, she had severe pain 
in the right side of the abdomen followed by vomiting which continued three 
days. Enemas failed to produce any bowel movements. She lost some weight. 
She had never vomited blood or passed blood by rectum. Occasionally, the stools 
were rather dark. She suffered greatly from headaches and weakness. 


Principal Observations—On admission, the temperature was 98.6 F.; the pulse 
rate, 80, the respirations, 20; she weighed 206 pounds (93.4 Kg.). The patient 
was very obese and senile in appearance. The abdomen was soft, flabby and 
redundant. To the right of and slightly above the umbilicus, there was a hard, 
readily palpable, smooth, tender mass about the size of an ordinary grapefruit. 
Urinalysis and the Wassermann reaction were negative. The stool was positive 
for occult blood (three occasions). The were 9,600 white blood cells and 
75 per cent hemoglobin. 

Feb. 11, 1922: Roentgen examination showed an obstruction due to a definite 
narrowing in the first portion of the transverse colon with dilatation of the proxi- 
mal portion of the large bowel, particularly the cecum. 


Operation—February 11: Exploratory laparotomy and ileocolostomy were 
performed. The abdomen was entered through a right rectus incision. A hard, 
firm and scarred mass as large as a double fist, was found in the first 
portion of the transverse colon. The liver contained a number of small, 
hard metastatic nodules and a single one as large as an egg. The terminal 
ileum was divided about 2 inches (5 cm) from the cecum. Lateral anastomosis 
of the terminal ileum and transverse colon was performed well beyond the mass 
(fig. 10). Further stage operations could not be planned in the presence of 
involvement of the liver. One large cigaret drain was placed to the line of suture. 

The patient reacted fairly well, but on the second day vomiting was rather 
troublesome and lavage, hypodermoclysis and other supportive measures had to 
be used. The following day, she showed signs of basal pneumonia. Convalescence 
was thus greatly retarded, and healing was sluggish owing to the adiposity. 

March 12:~The patient had fully recovered from her respiratory complication, 
showing only slight weakness. She had frequent loose bowel movements, which 
showed a tendency to become fewer and more concentrated. The wound was 
healing, and the patient was discharged on this date. 


Pathologic Report—The pathologic report showed adenocarcinoma similar to 
those previously described in pathologic reports (cases 1 and 11). Regional 
metastasis showed carcinoma cells in great abundance. The detailed report is 
omitted. 
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Subsequent Report—Aug. 15, 1922: The patient died six months after the 
operation. Death was due to extensive hepatic involvement and myocardial 
insufficiency. Intestinal obstruction did not occur. 


Comment.—This case further illustrates the extreme variability of 
carcinoma of the colon. It shows a very obese patient suffering from 
rather advanced carcinoma of the colon with metastases to the liver, in 
spite of a history of relatively short duration. The loss of weight had 
been little, if any. It was the second case in which the mass was 
palpated before operation. From the point of view of operation, the 
patient was apparently an unfavorable risk, not because of her carci- 
noma, but rather for the reason that any obese person bears abdominal 
exploration rather poorly. The surprising fact at operation was the 
discovery that in spite of the favorable general condition, it was the 
second case in which the hope of a radical cure was absolutely out of 
the question. The operation was thus designed merely to relieve 
obstruction, to add to the patient’s comfort and to prevent death from 
intestinal obstruction. 

The case shows also that ileocolostomy may occasionally lead to 
troublesome diarrhea. We are of the opinion that exclusion of the 
proximal colon (ileocolostomy ) should be practiced only when the lesion 
lies somewhere between the cecum and the terminal portion of the 
transverse colon. When the growth is at the splenic flexure or lower, 
we are in favor of mobilization of the tumor and sufficient proximal and 
distal bowel to permit resection with lateral anastomosis without tension. 
A cecostomy is recommended as a “safety valve,” either as a first stage 
or simultaneous with the resection. I[leosigmoidostomy, when the 
lesion is at the splenic flexure or lower, may lead to intractable diarrhea 
owing to the fact that the desiccating influence of the transverse colon 
has been lost. 


Case 10.—Mrs. M. D., aged 48, white, was admitted to the medical service 
on Oct. 9, 1922, complaining of pain in the lower quadrant and constipation. 
The past history showed that she had been subject to moderate constipation all 
her life. She dated her present illness from an attack of severe knifelike pain 
in the left lower quadrant one year before admission. She was nauseated, but 
did not vomit. The stools were not ribbon-like, nor did she pass blood or mucus. 
Since then, she had had severe attacks of diarrhea lasting a day or two. She 
had especially severe attacks in November and December, 1921, and modeérately 
severe ones in July and August, 1922. She had lost about 20 pounds (9 Kg.) 
in weight since the onset of her trouble, and had become progressively weaker. 
In the past six months, she had had increasing need for cathartics. 

Principal Observations—On admission, the temperature was 98.4 F.; the pulse 
rate, 102, and respirations, 23. The patient was a large woman in a fair state 
of nutrition. The abdomen was soft and relaxed. In the left lower quadrant 
there was a tender tumefaction which was immovable, regular and hard; the 
tenderness increased as the flank was approached. The Wassermann reaction and 
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urinalysis were negative. There were 7,250 white blood cells and 78 per cent 
hemoglobin. The stools were negative for occult blood. Roentgen examination 
showed a definite constriction in the upper sigmocolon. 

Oct. 13, 1922: The patient was advised of her condition, but refused operation 
and was discharged. 

December 8: She was readmitted to the medical service. Since her discharge 
from the hospital, she had had no relief from her abdominal pain and obstinate 
constipation. She had had occasional periods of diarrhea followed by severe 
constipation. 

December 10: She was transferred to the surgical service. 


First-Stage Operation—Removal of carcinoma of the sigmoid and lateral 
anastomosis of the colon; preliminary simultaneous colostomy (fig. 11). 

December 11: The abdomen was entered through a long left rectus incision. 
A definite small mass was found in the sigmoid, in keeping with the roentgen 
observations. The mass was annular, hard and fibrotic, and much smaller than 
the tumors in the previous cases. There were definite nodules in the posterior 
retroperitoneal tissues and the mesocolon. Mobilization of the tumor mass was 
accomplished by digital dissection, and liberal resection of the bowel on either 
side of the mass was done. A satisfactory lateral anastomosis was accomplished 
without tension. Just before the anastomosis was accomplished, a small knuckle 
of cecum was brought through a right McBurney incision. Our purpose was to 
have a “safety valve” in case of distention and pressure on the line of suture, the 
colostomy to be completed or not as the exigencies of this case might demand. 
Two large drains were inserted into the abdomen lateral to the line of the 
anastomosis. 

December 12: The colostomy was established by electrocautery. Gas and 
fecal matter escaped, and the distention was relieved. Improvement followed 
quickly. 

December 27: The patient made a very satisfactory convalescence. The 
abdominal wound almost entirely healed. 


Second-Stage Operation—December 29: With the patient under gas-oxygen 
anesthesia, the colostomy was closed. The wound was packed with iodoform 
gauze (fig. 11). 


Jan. 12, 1923: The patient began to have frequent bowel movements. She 
was out of bed daily for the previous week and was discharged on January 12, 
entirely relieved from her complaints save for a slight feeling of weakness. 


Subsequen’ Report—Aug. 2, 1925: The patient died. Death was due to 
progressive cachexia resulting from metastases. No obstructive symptoms 
appeared at any time. 


Comment.—This case is the third in our series in which the tumor 
was palpated, and further emphasizes the necessity for early diagnosis 
and early surgical intervention if a cure is to be hoped for in carcinoma 
of the colon. It was more than two years before this patient pre- 
sented herself for the necessary examinations. In consequence, it was 
merely possible by operation to relieve the obstruction and prolong her 
life in comfort. The definite and advanced glandular involvement pre- 
cluded a cure. 

From an operative standpoint, the “safety valve’ cecostomy without 
doubt insured an almost immediate smooth convalescence free from pain, 
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abdominal discomfort and distention. Furthermore, it prevented leak- 
age with possible peritonitis, fecal fistula or abscess formation by 
relieving strain and tension on the line of sutures (compare case 5). 


The surgical closure of the cecostomy did not in any manner interfere 
with her uneventful convalescence. 


Case 11—Mrs. B. R., a woman, aged 60, white, was admitted to the hospital 
on Nov. 3, 1922, complaining of constipation, nausea and colicky abdominal pain. 
Her past and family histories were irrelevant. For four years previous to admis- 
sion, she had had vague symptoms due to constipation. She was relieved by 
laxatives. Colicky pains in the lower part of the abdomen and in the region of 
the umbilicus had been frequent. Severe nausea and vomiting occurred five 
days before admission. The vomitus consisted of food that she had recently eaten. 
She had not had a bowel movement for six days, and could take fluids only. 
There had been a gradually increasing distention of the abdomen. She complained 
of weakness, headache and general malaise. 

Principal Observations—On admission, the temperature was 99 F.; the pulse 
rate 85, and respirations, 24. There was a slight generalized abdominal distention 
with an apparent greater fulness on the right side than on the left. There was 
no abdominal rigidity or visible peristalsis, although active peristalsis was trans- 
mitted to the palpating hand. Definite gurgling was elicited on auscultation above 
the umbilicus. There was extreme tenderness in both lumbar regions, particularly 
the right. There were no palpable masses. The stool showed occult blood. The 
urine was markedly positive for acetone and indican. There were 9,200 white 
blood cells and 76 per cent hemoglobin. 

Nov. 7, 1922: By means of enemas and persistent mild catharsis, the constipa- 
tion and distention were relieved. 

Roentgen examination showed a definite obstruction in the upper sigmoid. 

The patient felt greatly relieved from her obstructive symptoms and insisted 
on going home. She was reluctantly discharged on November 12. 

November 17: She was readmitted. Since leaving the hospital on Novem- 
ber 17, she enjoyed a short interval of comfort. For three days before 
operation, she was obstinately constipated in spite of very vigorous catharsis and 


other measures of relief. She had a constant feeling of nausea during the past 
three days. 


November 19: By means of enemas and mineral oil by mouth, her distention 
had once more been considerably relieved. She has been persuaded with difficulty 
to accept surgical treatment. 

First-Stage Operation—E-xploratory laparotomy; colostomy. 

November 21: A low incision was made from the umbilicus downward. A 
very small amount of free straw-colored fluid was noticed. In the upper sigmoid, 
a soft, yellowish, gelatinous-looking mass about the size of an ordinary lemon 
was noticed. In close proximity, the colon presented a definite scirrhous annular 
constriction. The mesocolon was free from any visible or palpable lymph glands. 
The case seemed to be rather favorable for surgical treatment. A McBurney 
incision was made. A knuckle of cecum the size of a bantam egg was anchored 
in the wound in anticipation of cecostomy. 

Following the operation, the patient felt quite weak. By means of sodium 
bicarbonate and dextrose, acetonuria was satisfactorily relieved. 
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November 23: Two days following operation, cecostomy opening was made 
by electrocautery. Rapid improvement followed. 

Second-Stage Operation—Excision of tumor; lateral anastomosis (fig. 11). 

December 6: The tumor was found without difficulty. The proximal colon 
was now quite normal. A liberal resection, including the entire tumor mass 
and considerable proximal and distal zones of normal bowel, was accomplished. 
A lateral anastomosis was made without tension. Two large cigaret drains were 
inserted to the anastomotic line. The omentum was pulled downward and lateral- 


ward so as to obscure and cover the small intestines to guard against spreading 
infection. 


December 8: 
satisfactorily. 





Following this second operation, convalescence proceeded very 


Third-Stage Operation—Closure of colostomy; exploration of tumor of right 
shin. 


Jan. 5, 1923: With the patient under gas-oxygen anesthesia, the colostomy was 
closed. 

Note.—The patient had recently been complaining of pain in the right leg 
below the knee. Just above the midportion of the tibia anteriorly, an oval rounded 
tumor was seen and felt. It lay below the subcutaneous tissues. Exploration 
showed that the tumor was similar in appearance to muscle tissue. The tibia was 
definitely eroded below the tumor (fig. 6). A specimen of tumor mass was 
removed for histologic study. Subsequent histologic study showed that the tumor 
was of an adenocarcinomatous nature (probably metastatic). 

January 16: Roentgen examination showed a subperiosteal tumor in the 


anterior portion of the upper third of the tibia. The diagnosis was probable 
metastatic tumor of the tibia. 


February 15: The patient was gradually getting stronger; the appetite was 


fair and the bowel movements were free. The operative area over the right 
tibia was completely healed and less tender following a roentgen exposure. 


Subsequent Report—March 28: The patient appeared for examination and 
roentgen exposure of the metastatic tumor of the tibia. In general, she had 
gained weight, looked well and was quite optimistic. She complained of slight 
pain in the tibia. Roentgen examination showed an increase in the extent of 
the involvement of the tibial tumor, but the upper two thirds of the affected 
area showed definite bone repair. Roentgen treatments are being continued. 


Comment.—This case, even more than the preceding cases, illus- 
trates the great necessity for early diagnosis, for it was four years 
after the onset of her present illness that she was submitted to proper 
diagnostic measures. In spite of the very evident chronicity in this 
case, the mass was definitely localized, movable and surprisingly free 
from local or general adhesions. Also, there were no visible or palpable 
regional lymph glands. In fact, at the time of operation, it seemed a 
most favorable case. Our hopes as to permanent cure, however, were 
definitely dispelled when the metastatic tumor of the right tibia made 
its appearance. This would indicate that occasionally distant metastases 
occur in spite of the rather favorable local conditions. The symptoma- 


tology in this case was sufficient to have led to a diagnosis long before 
it was made. 
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Date of 
Admission 
(Surgical 


Case Service) 


1 


9 


Q 
o 


10 


12/31/19 


10/19/20 


10/27/20 


9/26/21 


1/19/22 


2/ 5/22 


12/10/22 


11/20/22 


nm 


18/23 


Sex 
and 
Age 


M. 


46 


1 


>) | 


. @ 


. 64 


. 6 


Diagnosis 


Obstruction 
of the colon; 
adenocarci- 
noma of the 
hepatic 
flexure 


Obstruction 
of the colon; 
adenocarci- 
noma of 

the hepatic 
flexure 
Adenocarci- 
noma of he- 
patic flexure; 
no obstruc- 
tion 


Obstruction 
of lower 
colon; adeno- 
carcinoma 


Obstruction 


of descending 


colon; adeno- 
earcinoma 


Obstruction 
of ascending 
colon; peri- 
colic (vascu- 
larized) ad- 
hesions 
Obstruction 
of the colon; 
pericolic 


(vascularized) 


adhesions 
Obstruction 
of the de- 
scending 
colon; adeno- 
earcinoma of 
sigmocolon 
with metas- 
tases 


Obstruction 
of the colon; 
adenocarci- 
noma of the 
transverse 
colon with 
metastases 
Obstruction 
of the colon; 
adenocarci- 
noma of the 
sigmoid 


Obstruction 
of the colon; 
adenocarci- 
noma of 

the colon 


Obstruction 
of the colon; 
adenocarci- 
noma of 
sigmoid 








Constipa- 
tion or 
Diarrhea 


First noticed 
three months 
ago; no 
diarrhea 


Alternating 
constipation 
and diarrhea 
for past 
month 


Repeated 
attacks of 
diarrhea; 
rarely con- 
stipation 


Chronie con- 
stipation for 
2 years; ob- 
stinate for 
past 2 weeks 


Constipation 
all his life; 
no diarrhea 


Constipation 
for past 8 
weeks; no 
diarrhea 


Constipation 
progressive 
in past year; 
diarrhea 
once 


Constipation 
and diarrhea 
4 years ago 
and during 
the past 3 
months 


First noticed 
1 year ago; 
constipation 
during past 
3 months; no 
diarrhea 


Constipation 
for past 27 
months 


Progressive 
constipa- 
tion; no 
diarrhea 


Progressive 
constipa- 
tion; no 
diarrhea 


White Blood 


Abdominal 


Pain 
For severel 
months; 
at times 
colicky 


Present 1% 
years; in- 
creasing in 
severity and 
duration 


Increasing 
in severity 
during past 
3 years 


For past 
1% years; 
at times 
violent and 
griping 


Suddenly 2 
days before 
admission 
not before 


Slight pain 
and discom- 
fort after 
meals 


Abdominal 
distention 
but no pain 


Severe 
cramps 
during past 
months 


Colicky 
during past 
year 


Frequent; 
at times 
colicky and 
knifelike 


Severe 
cramplike 
in character 


Nota 
marked 
symptom 


Cells and 


Hemo- 
globin 


13,000 
797 


9,640 
71% 


8,400 
807% 


9,600 
90% 


9,000 
80% 


9,600 
7% 


9,500 


Loss of 


Weakness 
and Toxic 


Weight Symptoms 


Marked, 
100 Ibs. 
in six 
weeks 


16 Ibs. 


30-40 Ibs. 


No loss 
of weight 


None; 
patient 
well nour- 
ished 


24 Ibs. 
in two 
months 


52 Ibs. 
in 11 
months 


23 Ibs. 


Slight, 
if any 


16 Ibs. 


Not 
known 


50 Ibs. in 


Marked 
weakness 
and 
malaise 


Great 
weak- 
ness; 
slight 
vertigo 


Slight 
weak- 
ness; no 
vertigo 
or toxic 


symptoms 


None 


None 


Weak- 
ness and 
vertigo 
when 
arising 


Dizziness 
and faint- 
ness; oc- 
easional 
headache 
None 


None 


Slight 
weakness; 
otherwise 
negative 


Weak- 
ness, 
ache and 
general 
malaise 


Marked 


Distention 


Extreme 


distention 
with 
intestinal 
patterns 


Never 
marked 


Little, if 
any 


Very 
marked 


Marked 
during 
past two 
days only 


None 


Only slight 
at intervals 


Slight and 
only during 
the past 
week 


Little, if 
any in 
past 


Little, if any 


Only'slight 


head- 


Frequently 


12 months weakness noticed 





Summary of Clinical Observations in Ten Cases of Carcinoma 


Peri- 
stalsis 


Visible, 
with 
griping 


Not vis- 
ible; 
severe 
griping 


Not vis- 
ible; 
oeca- 
sional 
griping 


Visible 
with 
patterns 
at times 


Not ap- 
parent 


Not ap- 
parent 


Not ap- 
parent 


Marked 
griping 
but no 
visible 
peristals's 


Griping 
but no 
history 
of visibl: 
peristal- 


sis 
No his- 


peristalsis 


Peristal- 

sis trans- 

mitted to 
alpating 
and 


Peristal- 
sis - 
pable 
but not 
visible 























Membranes 


of the Colon, and Two Cases of Pericolic 








Temperature, 
Pulse Rate, 











Blood Respirations Number and 
in Abdominal Palpable on Ad- Types of Compili- Date of 
Stools ‘Tenderness Tumor mission Operations cations Discharge Late Results 
Smallhem- Forseveral Negative 98.6F. 1.Cecostomy, Gastric reten- 5/25/20 No complaints referable to 
orrhages months 85 2. ileocolos- tion; broncho- former disease; last exami- 
for past 23 tomy with pneumonia nation on Feb. 4, 1923; weight 
8 months resection 175 lbs.; alive in February, 
1925, 5 years after operation; 
not heard from since 
No positive Slight in Negative 100F. 1.Ceecostomy, Wound in- 1/12/21 Well at time of examination 
history upper 90 2. ileocolos- fection on Feb. 4, 1923; weight 132% 
quadrant 25 tomy, Ibs.; well in November, 1928, 
3. resection eight years after operation; 
has resumed his former oc- 
cupation } 
No history None Negative 98.6F 1. Lleocolos- Slight bron- 12/11/29 Well at examination on Feb. bau 
85 tomy, chitis 4, 1923; weight 160 lbs.; gain io) 
20 2. resection of 20 Ibs. since operation; ay, 
well in February, 1927, seven ai, 
years after operation “i 
6H 
N tive for Only slight Negative 99.6 F 1. Mikuliez Infection of 2/17/21 Died ten days after opera- ey. 
occ iit blood 75 operation abdominal wall tion (Mikulicz); infection of Bau 
I story 25 with abscess. abdominal wall and _peri- hae 
local periton- tonitis | } 
itis and obstruc- reo 
tion; death i 
N story Absent Negative 994 F. 1. Execisionof Wound infec- 7/30/21 Well at examination on June f 
110 tumor; lateral tion; fecal 22, 1928, eight years following 1 
25 anastomosis fistula operation; weight 2060 Ibs., : 
of transverse gain of approximately 30 Ibs. 
and descend- since operation; has resumed 
ing colon his former occupation 
N story Not definite Negative 98.6F. 1.Releaseof None 1/10/21 Well at last examination, 
, 64 pericolic Feb. 4, 1923, two years after 
20 adhesions operation; (benign lesion); 
marked gain of weight ; 
ti t 
N story None Negative 98.6 F. 1.Releaseof None 11/ 4/21 Well at last examination on ie 
64 pericolic Feb. 4, 1923, one year and baa 
20 adhesions three months after opera- 5 
tion (benign lesion) 2% 
Four years Slight Palpable 100.2 F. 1. Exploratory None 3/12/22 Death reported by family ; 
ag id 96 laparotomy; physician ten weeks after op- B 
ag during 22 colostomy for eration; marked cachexia due 1 | 
pa 1enth relief of ob- to extensive metastases and a 
struction myocardial insufficiency 
Nc tory Present Large 99 F. 1. Tleocolos- Diffuse bron- 3/12/22 Died six months following 
especially mass sO tomy for relief chitis operation; extensive liver ; 
during past palpable 20 of intestinal metastases and myocardial if 
3 months obstruction insufficiency ; 
; 
No history Localized Small 99.6 F. 1. Resection No early com- 1/16/23 Died on Aug. 2, 1925, from 
in left irregular 100 and lateral plications, late extensive metastases; no 
lower mass in 24 anastomosis; generalized symptoms of obstruction 
quadrant left iliae simultaneous metastases since operation 
fossa colostomy; 
2. closure of 
colostomy 
No history: Severe in Negative 99 F 1. Exploratory Bone metas- 2/15/23 Died of generalized metas- 
oceult blood both flanks 8&5 Japarotomy; tases tases approximately ten 
on exami- 24 preliminary months after operation, on 
nation colostomy; March 28, 1923; less than 
2. excision of three months following the 
tumor; last operation, appearance 
3. closure of of tibial metastasis noticed 
colostomy 
From the None Cylin- 98 F. 1. Resection of Surgical shock; 2/26/23 Died five days following op- 
very drical 90 tumor and local periton- eration; shock and periton- 
beginning mass 23 lateral itis; death itis 
palpated anastomosis; 
simultaneous 


cecostomy 
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Case 12.—Mrs. B. M., aged 58, was admitted to the hospital on Feb. 19, 1922, 
complaining of lack of appetite, loss of weight, abdominal pain and blood in 
the stools. The past history was negative. The present illness began one year 
before examination when the patient began to lose her appetite and complained 
of weakness. Blood was present in the stools at various intervals in the year 
previous to admission. She said that she lost 50 pounds (22.7 Kg.). She had 
to resort to cathartics in increasing amounts. Belching and distention had been 
frequent. There was pain on straining, but no vomiting. 


Principal Observations—The temperature was 98 F.; the pulse rate, 90, and 
respirations, 23. The patient was an elderly apprehensive, undernourished and 
pale-looking woman. The mucous membranes were pale. The skin was dry. 
The abdomen was rounded, soft and flabby. In the left lower quadrant over 
the brim of the pelvis, a cylindric, movable and slightly tender mass as large 
as a lemon could be felt. There were 9,500 white blood cells, 5,300,000 red blood 
cells and 95 per cent hemoglobin. Urine showed a light cloud of albumin and 
a few hyaline and granular casts. Roentgen examination indicated an obstruction 
in the first portion of the sigmoid. 


Operation.—Resection of carcinomatous mass and lateral anastomosis; simul- 
taneous cecostomy (fig. 11). 

Feb. 21, 1923: An incision was made from the symphysis to a point just 
above the umbilicus and slightly to the left of the midline. An irregular, firm 
and slightly movable mass about the size of a small fist was found over the brim 
of the pelvis. There were no palpable glands in the retroperitoneal tissues. The 
tumor mass was removed, a lateral anastomosis was made and a small portion 
of the descending colon just above the cecum was brought out from a right 
inguinal McBurney incision and held in position by a number of interrupted fine 
catgut and silk sutures (to be opened later). 

February 22: There had been considerable vomiting of thin watery gastric 
contents. The temperature was 101 F., the pulse rate, 120. There was no 
distention or marked discomfort. 

February 23: The patient’s condition was only fair. She was anxious and 
vomited occasionally. Colostomy was completed by cautery. There was a slight 
escape of gas. 

February 24: The vomiting continued. The patient looked dehydrated. There 
was no frank drainage from the colostomy. Eight hundred cubic centimeters of 
physiologic solution of sodium chloride was administered in the morning. 

February 26: The temperature and pulse rate continued to rise. Vomiting 
continued. The temperature rose to 106 F., and the pulse rate to 150. The 
patient died at 2:30 p. m. 


Gross Pathologic Report—The excised tumor was a typical adenocarcinoma. 
The mucous membrane and wall above the tumor were very much thickened. There 
were no gross metastatic nodules. Several of the glands in proximity looked 
suspicious. The lumen of the constricted portion of the bowel hardly admitted 
the finger tip. The center of the growth showed a healed perforation. The 
wall of the bowel was entirely destroyed in its midportion due to central ulceration. 


Comment.—This case is interesting in that it is the first case in our 
series in which the presence of blood in the stools was an early and 
prominent symptom. It is the fourth case in which the mass was 
definitely felt before operation. Like the preceding ones, this case also 
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illustrates the necessity for early diagnosis. The patient was examined 
fully a year after the onset of symptoms. It was the first case in our 
series in which radical excision and lateral anastomosis in the presence 
of a simultaneous colostomy, all in a single stage, was done. The 
limit of the patient’s operative tolerance was evidently misjudged. In 
a similar case, we would now perform exploratory laparatomy with a 
preliminary cecostomy as the first stage to be followed by excision of 
the growth and lateral anastomosis as the second-stage. Closure of 
the cecostomy might even be left for a third stage. By a more liberal 
application of the principles of the stage operations, this patient would 
probably have escaped an operative death. 
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THE TIME ELEMENT IN QUANTITATIVE 
PERIMETRY 


CLIFFORD B. WALKER 


Among the more important reasons for the retarded development 
of quantitative perimetry since the first principles were laid before 
the Tenth International Medical Congress by Bjerrum,’ more than a 
third of a century ago, is the examinational time element. Twenty 
years slipped by before the work of Roenne? brought the subject 
really to the front, and still another ten years before enough material 
was assembled for such a book as Peters has presented on the subject, 
or as appears in Traquair’s splendid “Introduction to Clinical Perim- 
etry.” * 

It was not so clear to me that the time element was the real essence 
of the backwardness of the subject until about three or four years ago 
when I asked the chiefs of some of the larger clinics, as for instance, 
the Mayo Clinic, why the old method of perimetry was still used when the 
new quantitative method was known to them. The answer was that 
the additional time required was prohibitive. It seemed then that time 
given to ordinary perimetry should be cut in half, or less, if necessary, 
while one-half or more should be given to quantitative perimetry, and 
no great advance in the subject could be expected until this attitude 
was taken very generally in the larger clinics. 

In the last two or three years interest in quantitative perimetry has 
increased greatly, so that now the situation is such that with some 
careful simplification and time-saving devices, one may hope to see 
it come into the same general use, even greater use, than ordinary 
perimetry has enjoyed. Later, as fast as familiarity with the subject 
has extended to students and interns, those who are especially interested 
will naturally add more refinements and time to the examinations. 
How this was attempted in a good sized clinic, that of the Los Angeles 
General Hospital, will be described here in the hope of stimulating 
further interest. 

As a matter of fact, readings can be made and recorded much 
faster on a screen than on the ordinary perimeter for the simple reason 
that time is not lost in setting an arc for each reading, and that direct 
marking on a screen can be made more rapidly and accurately than 
direct or automatic marking can be with the various perimeters. 


1. Bjerrum: Ueber eine Zufungen zur gewodhnlichen Gesichtsfeldmessung, 
etc, Tr. X. Internat. Med. Cong., Berlin, 1890, vol. 10, pp. 66-79. 

2. Roenne: Zur Theorie und Technik der Bjerrumschen Gesichtsfeldunter- 
suchung, Arch. f. Augenh., 1915, vol. 78. 


3. Traquair: Introduction to Clinical Perimetry, London, Henry Kimpton, 
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The origin of the idea that screen work is more difficult or time- 
consuming can be traced to the thought that screen work requires the 
use of tangent scales, mathematics and special charts, and it is in this 
morass that time is mentally lost in preliminary cogitations when an 
outfit is not made, and actually lost when the attempt is really made to 
do quantitative work. In other words, it seems as if the fear of inaccu- 
racy has been another stumbling block, and that the ophthalmologist 
feels that if he cannot take mathematically accurate measurement on 
the screen, he will not bother with it, believing that the time to get such 
a result is excessive compared with other examinations, 

At the outset this inhibitive idea, conscious or subconscious, should 
be combated by the facts that (1) the pattern or picture presented by 
a screen or perimetric test is of greatest importance, and this can be 
obtained from a screen or perimeter even if it is not marked quite 
accurately ; (2) while it is well to have accurate measurements, the sub- 
jective inaccuracies (personal equation) of the patient, as well as of 
the observer, will always be links of sufficient weakness to override 
the ordinary inaccuracies of a technical nature, especially when simpli- 
fied to the extent proposed in the following description : 

From the mass of elaborations of the pathfinders in any subject, 
simple rules are later taken for routine work. On reviewing the funda- 
mental facts for simplifying shortcuts, one finds that nature lends 
assistance. Thus while the errors and distortions of the tangent screen 
multiply rapidly beyond 25 degrees from the center, yet the normal 
field extent contracts rapidly as the size of the visual angle of the 
test object decreases so that when 1.7 minutes is reached, a circular field 
of about 26 degrees extent is obtained, and within this threshold are 
found the most important and informative isopters in early cases. 

This field condition is obtained with the 1 mm. disk at 2,000 mm., 
on a screen about 2 meters or 80 inches square. This screen and test 
object give the most efficient conditions for general use, although if 
the width is made greater, up to 100 inches, it is still better in some 
ways. The visual angle is then small enough to make a searching test 
of the most important region of the field, that is, the paramacular and 
perimacular region and the cecal or blind spot region. It will show all 
the important signs such as Bjerrum’s scotoma, Seidel’s scotoma and 
Roenne’s nasal step, and will be sensitive to other peripheral weak- 
nesses. Still the tangentional error of the screen does not much exceed 
1 degree in the neighborhood of the 20 degree circle on the screen. 
This distance (2,000 mm.) makes it easy to examine persons with 
presbyopia and those who wear glasses for distance, except that the 
bifocal addition must be avoided. As regards the test objects for this 


distance, the 1 and 2 mm. disks will fill the major part of the require- 
ments. 











1038 ARCHIVES OF SURGERY 


To conserve time, then, one should keep in mind while assembling 
the outfit that the 30 degree screen at 2 meters has the most general 
efficiency, and that for the present one must be willing to sacrifice 
a little accuracy for speed in developing the somewhat more important 
pattern of the field defect. 

The room should be well lighted ; if it is invaded by direct sunlight, 
ordinary translucent thin white curtains should be available, and for 
cloudy days or night work, two or three 200 watt lamps just back of 
the patient on both sides and perhaps one above the patient’s head will 
give results practically equal to daylight in a room which should meas- 
ure at least 15 feet in front of the screen. A north light under these 
conditions is not essential. 

While it is possible to do considerable perimetry in a noisy clinic, 
and it might be considered better than no perimetry, nevertheless every 
effort should be used either to get a special room or to examine patients 
at the quietest clinic hours. 

The screen should be at least 80 inches wide horizontally ; 100 inches 
wide is better. It should be 80 inches vertically. It is difficult to get 
goods 80 inches wide in some department stores, and if goods only 
from 54 to 72 inches in width is obtainable, it is better to form a seam 
to extend across the top and bottom rather than allow any seams in the 
central region. The material should be dull black without gloss, but 
with a felt like finish, and without long nap. A true felt offers an 
ideal surface but is apt to stretch unevenly and give a warped surface 
after a time. 

This sort of screen may be supported either in a movable frame 
having a floor pedestal as a wall map on a curtain-roller, or on an 
overhead wire. However, in order to obtain the use of both sides of 
the screen, for reasons later to be described, a three point wall suspen- 
sion on two rods, three hooks and variable lengths of chain is used. 
The three-eighth inch solid brass rods are slipped through the full 
length of 1 inch hems in the upper and lower margins of the screen. 
The weight of the lower rod holds the cloth straight and taut, while 
the stiffness of the upper rod is sufficient to give a straight border when 
it is supported by three rings which pierce the goods at both ends and 
at the center. From these three rings, chains or strings may be used 
to extend up a variable distance of a foot or less to corresponding hooks, 
thus making it possible to bring the center of the curtain on a level 
with the patient’s eyes. The center point of support also has a stout 
cord extending up to a ceiling hook, so that when it is desired to 
reserve the curtain for certain examinations, the three supporting hooks 
are released, and the screen suspended by the cord only swings forward 
from the hook in the ceiling about 2 feet in front of the wall position 
of the screen. The screen is then easily turned on its vertical axes 
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through 180 degrees (reversed) and replaced on the wall hooks. The 
object of this arrangement is to obtain, without departing from sim- 
plicity, a range of use from 1,000 to 4,000 mm., although the 2,000 mm. 
distance will be used by far the largest part of the time. The center 
of the screen, the fixation point, will average 40 inches or a little over 
a meter from the floor, and can usually be arranged to be at the exact 
center of such a screen as I have described. 

Ordinary light colored surgical adhesive cut in various sizes may 
be stuck on the center of the screen as fixation points. Pieces from 5 
to 10 mm. square are usually satisfactory. For routine work, the 
square fixation spots are used because they are a little easier to make 
and place on the screen, and because they are easily referred to in con- 
tradistinction to the circular test objects. But other shapes to suit the 
requirement are quickly made. For instance, a black central portion 
can be made by cutting out the center of the adhesive making a hol- 
low square or doughnut shape. Or by making two narrow strips point- 
ing to and reaching almost to the center along the vertical line or 
slanting toward the seeing field, such things as sparing of the macula 
and relative central scotomas are easily studied. Also rather large 
deeper gray adhesive with or without a hole in the center may be used 
for small central scotoma. Then smaller and brighter test objects may 
give readings right over the fixation spot as if it were not there. The 
use of two or more spots at the margins of a central scotoma may be 
helpful in case of larger central scotomas in both eyes. Of course, if 
central vision is good in one eye only, a special study can be made with 
the stero campimeter as a substitute for the perimeter work, and a form 
of macular selection can be used in screen work, though the proper 
form of fixation object will usually suffice. 

Perhaps the easiest way to mark a screen for ordinary work is to 
sew a little knot of black thread on the surface without going through 
the goods at the intersection of each 30 degrees meridian with each 10 
degree circle. It is hardly necessary in order to stay within the limits 
of accuracy to trace the entire length of meridian and circle with thread 
sewing, although this can be done. For instance, in the last screen made 
for Dr. Lyster’s clinic at the Good Samaritan Hospital, I had the meri- 
dians sewed through the goods with black thread since these markings 
are the same on both sides of the screen. Then a small electric soldering 
iron at the lead melting temperature was used to mark the vari- 
ous circles not solidly but by short (1”) dashes on _ each 
side of all crossings. The center, vertical and horizontal limits 
of each blind spot location was also indicated by small cross 
marks. These permanent markings are a great help to those who 
do screen work only occasionally. The suspension was also different 
in that the height was regulated by having a series of wall hooks 2 inches 
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apart vertically in three rows. This arrangement permitted of easier 
reversing of the curtain by simply bringing the bottom rod up to the top 
and the top down to the bottom. In order to locate the intersecting points 
previously mentioned, the meridian and circles are plotted on the 
screen with chalk, wax crayons, or tailors’ soapstone. Of these, I pre- 
fer the wax or paraffin crayons because their streak is so cleanly 
removed with the slightest rub from a bit of gauze moistened with car- 
bon tetrachloride or “carbona” cleaning fluid. The curtain is thereby 
kept bright and clean, whereas chalk or soapstone will require consider- 
able rubbing and still give some smudge, especially with repeated use. 
When taking a field, I think the use of dozens of black headed pins is 
slower and less interesting than the stroke of a dark or barely per- 
ceptible wax crayon whose streak can be removed from the curtain just 
as fast as it can be put on. Then again when contour lines cross at 
acute angles on the screen in the course of an examination, it is much 
easier and more accurate to record with the crayon than with a multi- 
tude of black pins. Occasionally a small black headed pin is overlooked 
and left in the screen, perhaps leading to confusion or error in later 
examinations. But it is not burdensome to have both methods avail- 
able and use either one or both in different stages of the same exami- 
nation if it seems to aid in accelerating the work. 





For routine clinical work, when it is often necessary to remove 
every possible hindrance to perimetry of a mathematical or technical 
nature, especially when it will often and perhaps usually be necessary 
for clinicians to construct the screen, if one could discard the use of 
tangent tables, which seem never at hand when needed in a hurry, and 
simply use 10, 20, 30 degrees, etc., of the are of the circle with radius 
equal to the distance from screen to patient as the radius for the cor- 
responding circles on the screen, calculations would be very simple 
indeed. That it is really within the limits of accuracy to do this rather 
than add the complications of warped surfaces or tangent tables can be 
shown by use of some calculations previously published.t| Thus by 
reference to table 1, it will be seen that the error due to increase of 
distance from the patient’s eye of the test object between 25 and 30 
degrees from the fixation point results in a diminishing error of from 
1% to 3% degrees, that is, the readings are too small by that amount 
due to the smaller visual angle. Now again by referring to table 2 
for the same region on the 2,000 mm. screen, it will be seen that the 
difference between tangent circle and arc circle varies from 6 to 10 cm., 
which in terms of degrees means from 2 to 3 degrees, and this is of 
an increasing nature with regard to field readings, that is, the arc 





4. Walker, C. B.: Quantitative Perimetry: Practical Devices and Errors, 
Arch. Ophth. 46:537, 1917. 
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measurement is smaller by from 2 to 3 degrees in this region than the 
tangent measurements.® It seems clear, then, since one can substitute 
the arc for the tangent and stay well within the limits of accuracy, 
about 1 degree, by using the simplest method of marking the screen. 
This will hold true out to about 35 degrees, but beyond 40 degrees the 
resulting error becomes greater than 2 degrees and the screen is not 
recommended beyond that point, but rather a reduction of visual angle 
either by increasing distance or by decreasing the size of the test object 
to obtain a smaller field is advisable. 

The screen is marked permanently on one side for a distance of 
2,000 mm. and on the other side for 1,500 mm. since by the foregoing 
system of using the arc instead of the tangent measurement, the mark- 
ing for 2,000 mm. can be used also for 1,000 and 4,000 mm. in this 
way: When a distance of 1,000 is used, the 10 degree mark for the 
2,000 mm. scale becomes the 20 degree mark for the 1,000 mm. dis- 
tance, and also the 5 degree mark for the 4,000 mm. distance. Like- 
wise, the 20 degree circle at the 2,000 mm. distance becomes the 40 
degree circle when used at 1,000 mm. and also is the 10 degree circle 
when used at 1,000 mm. These simple relations are easy to remember 
in transferring measurements from the screen to the chart. The side 
carrying the marking for 1,500 mm. is likewise readily used at 750 and 
3,000 mm. This range of six distances from one piece of goods is of 
advantage when rapidly testing for neurasthenia, hysteria and dispro- 
portion in response to size of color disks relative to size of white disks 
as will be discussed later. 

If one should have the full list of test objects that various observers 
have used or that might be useful, ranging from 1 to 70 mm. in 
diameter in white, red, blue and green, upward of forty disks would 
be used. It think before long there will be sufficient demand for disk 
sets that some manufacturer will supply them as disks on the flattened 
head of dull black pins, which may be renewed when soiled, in the ends 
of long slender dull black handles. But at present when one must keep 
the white and colored test objects clean as long as possible, the knife 
edge rim which I suggested in 16 3° will prevent soiling for months 
and in some cases for years. At present, Bausch and Lomb Co., and 
Meyrowitz Co., are the only companies making these disks. 


Without doubt the 1 mm. disk may be considered the most indis- 
pensable since it is used oftener. It should be the most accurately 
made since a plus or minus error of one tenth of 1 mm. in this disk 


5. This result is obtained by use of a plot of the variation of field extent with 
reference to visual angle of the test object. 


6. Walker, C. B.: Some New Perimetric Instruments, J. A. M. A. 61:277 
(July 26) 1913. 
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may result in errors of from 4 to 12 degrees at various distances 
(table 3). Much variation can be made in the rest of the set. The 
2 mm. disk is perhaps the next most commonly used, then the 5 mm., 
the 10 mm., the 20 mm. With a set as small as this, much important 
work can be done. If a further addition is made to the set, select 3, 
6 and 50 mm. disks. Having gone as far as this, a complete set is the 
next step. The 4 mm. disk is rarely used. 


TaBLe 3.—Errors that May Result from a Plus or Minus Error of 0.1 mm. in the 
Diameter of the 1 mm. Disk 








a Or ae ae — = 
ea Pe isee 


. Visual Visual Nasal and 
Visual Angle Angle Temporal Field 
Angle Error Corresponding Oorresponding Maximum Maximum 
of 1 Mm. of 0.1 Mm. to 0.9, 1 and to Foregoing Error Error 
Distance Disk in Disk 1.1Mm.in Disks Visual Angle Nasally Temporarily 

500 6.87 +0.7/ +7.57" N 52.0° 7.5° 9.2° 
T 70.Y 
6.87" N 49.6° 
T 66.5° 
—6.17" N 47.2° 
T 62.5° 

1,000 3.44’ +0.35 +3.7Y N 36.7° §.2° 6.1° 
T 47.0° 
3A N 34.7° 
T 44.4° 
—3.0Y N 82.6° 
T 41.8° 

1,500 2.29 +0.2Y +2.52’ N 28.7° +2” 8.7° 
T 36.0° 
2.29” N 36.6° 
T 33.1° 
—2.00 N 24.0° 
'T’ 28.7° 

2,000 1.72” +0.17¥ +1.89Y N 21.5° 9.5° 11.7° 
T 23.7° 
1.72" 18.0° 
—1.54y 12.0° 

2,500 1.39 +0.152" +1.59 11.0° 6.5° 6.5° 
1.3By Sq 
—1.23y 4.5° 

2,750 1.2y +0.134 +1.37Y 7.3° 4.9° 4.9° 
1.2Y 4.5° 
—1.12yY 2.4° 

3,000 1.1v +0.011LY +1.25yY 4.5° 4.0° 4.0° 
114 2.3° 
0.5° 


—1.02y 








I have tried disks below 1 mm. in size, but consider them of no 
great advantage unless a screen and distance is not available. For 
numerous reasons these tiny disks cannot be made to do screen work on 
the perimeter. They are difficult to make accurately and magnification 
of field, necessary for good scotomotry, is absent. Errors of refrac- 
tion are more contributory to error, soiling and breaking is frequent 
and they run into small awkward decimal numbers, and change of 
material resulting in a different light reflex is necessary. Small awk- 
ward or odd numbers seem to be a handicap to clinical perimetry. 
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Even numbers easily readable and recordable certainly tend to have a 
very winning way with ophthalmologists, and more progress will be 
made if this tendency is followed wherever possible. This factor 
alone I believe will tend to settle the now quite variable perimetric dis- 
tance at 300 mm. or 12 inches as used by Roenne, although Traquair, 
and Ferree and Rand use 330 mm. evidently because it is almost 1/6 
of the screen distance of 2,000 so that 6/2,000 gives almost the same 
visual angle on the screen as 1/330 on the perimeter. This transition 
from perimeter to screen is of considerable importance in studying 
certain conditions, for instance neurasthenia and hysteria. But with 
the screen I have described, one may turn it to the side marked for 
1,500 and 3,000 mm. which when used with the perimetric distance of 
330 mm. gives the following exactly equal visual angles as represented 
by simple numbers, thus: 1/300 = 5/1,500 = 10/3,000 = 20/6,000. 
The same exactness with 330 mm. perimeter gives: 


1/300 = 3.03/1,000 = 6.06/2,000 = 12.12/4,000. 


However, the number of cases in which this transition is made is 
sufficiently limited so that I believe the 12 inch or 300 mm. perimeter 
will gradually become the choice because simple numbers contribute to 
rapid work. Yet one can easily make the perimetric chin rest adjust- 
able for both distances, since only that portion of the perimeter within 
30 degrees of the center is used and no change of are curvature will 
be necessary ; simply make scratches or notches to make the necessary 
correction of the degree marks out to 30 or 40 degrees, thus having 
two scales. This will be confusing to some, however, and the 300 mm. 
perimeter will doubtless be the more popular eventually. 


Standardization of charts as well as perimeter and screen calibra- 
tion, although extremely desirable, will doubtless be difficult to accom- 
plish for some time. Certain features, however, will become more 
generally notable. As screen work becomes more commonly used, the 
patients will be examined earlier and earlier in the course of the dis- 
turbance until many patients will be found with only one eye affected, 
and single charts or double charts which may be easily cut into single 
charts will be made available for either eye, somewhat as Traquair has 
arranged his charts. Duplication will doubtless be considered. This 
can be readily accomplished by using a Chinese bond paper which with- 
stands severe usage and is transparent enough to trace duplicate by 


hand, or by printing on sensitive paper directly as I have shown in a 
previous paper.* 


Probably for the same reason that single charts will become more 
numerous, so also special scotoma charts 30 degrees and less, even to 1 
degree in extent but to a correspondingly larger scale than the ordinary 
chart, will be readily obtainable. These charts will be necessary as 
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earlier cases are detected more frequently. The double scale necessary 
for ordinary work on perimeter and screen may be made either by 
using two sets of numbers at the intersections of circles and meridian 
as Traquair has done, or by enlarging the central portion of the field 
as I have done.* But finally, I believe results will justify the use of 
three differently calculated charts for perimeter, screen and scotoma 
work, for the simple reason that too many readings on one chart lead 


to confusion, inaccuracies and loss of time both in the making and in 
the reading. 


But, of course, the matter of just the proper chart must not be 
allowed to prevent making a record because it takes only a few seconds 
to strike out the numbers on any chart and write on numbers to repre- 
sent the scale desired. If the blind spot is printed on the chart, it is 
always easy to erase from good paper with either pen-knife or moist 
rubber eraser. This possibility of changing the scale of the chart is 
easily overlooked by those who are not far advanced in perimetry 
because of the mass of other details to be attended to in the usually 
limited time. 


Perhaps it may be well to illustrate with a case report the manner 
in which some of those devices are used such as using the same visual 
angle at different distance, as well as different visual angles at the 
same distance; using a change of chart scale also if it is desired 
makes the record show to advantage. 


CASE REPORT 


Mr. G. H., aged 40, referred by Dr. G. H. Hunter from Dr. Cade for the 
State of California Compensation Insurance Board, complained that everything 
appeared very much too small and far away. While on construction work a little 
over a year before examination, he was struck on the right side of the head by a 
slowly moving timber. He was rendered unconscious by concussion for three 
hours, but on recovery had no neurologic symptoms or incapacity other than the 
complaint concerning the vision. One fact in the past history that was not 
obtained until after several examinations was the occurrence of a period (one 
and a half days) of total amurosis two years before, during a time of mental 
stress following an automobile accident from which no injury resulted. 

Examination from a general neurologic standpoint was found to be entirely 
negative before the present reference. The roentgenograms were negative. 

Ophthalmologic examination showed that the fundi of the eyes were normal; 
that in the right eye the optic cup was wider and deeper, showing a larger area 
of lamina cribrosa. There was no atrophy as suggested by the appearance of the 
optic nerve head. Refraction of the eyes showed: vision in the right eye, 20/100 
+1 diopter sphere + 0.5 diopter cylinder axis 90 degrees = 20/40; vision in the 
left eye, 20/70 + 1 diopter sphere = 20/20. The muscular balance was practically 
normal with both the Maddox rod and the Stephens phorometer. 

Color vision was not admitted with either eye. A difference of intensity only 
was admitted, such as lighter or darker in a photographic sense, and the patient 
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was successful in eluding traps for malingering on this point, in all the various 
offices where he had been examined. 


In testing the field on the perimeter with 1/300 disk, results were quite variable, 
but if one proceeded slowly and recorded average result allowing some rest when 
the patient complained of fatigue, a more or less circular field was obtained as 
shown in figure 1. The blind spot could at times be outlined in the right eye with 
an uncertain outer border, while at other times, perhaps when fatigued, there was 
only an indentation to represent it as recorded on the chart for the left eye. A 
spiral field could also be obtained on the perimeter though this was easier to 
demonstrate on the screen where more rapid work is possible. 

But mainly it is to be noted that although the visual angle is the same, being 
5/1,500, the field is consistently smaller and practically of the same characteristics 
and size when 20/1,500, giving a visual angle four times as great, is used. With 
an organic lesion the field taken with the same visual angle on both perimeter and 














Fig. 1—Hysterical type of field, showing gun-barrel contraction, disproportion 
to same visual angle on perimeter, on screen and spiral fatigue tendency without 
response to disk size (steep edges) on screen. 


screen will be practically the same, and a generally contracted field will not have 
such steep margins when the visual angle of the test object is increased; i. e., more 
response to disk size would be expected in nonhysterical patients. The patient 
was open to suggestion to a considerable extent if he could be convinced that it 
would not prejudice his case. Thus at first he contended that all objects were 
reduced to one-fourth their normal size. Yet his central vision was very good. 
Later, while he contended some diminution was present, the ratio was gradually 
raised to three-fourths. 


While this case may be of some interest in showing evidence of 
hysteria with some fatigue symptoms of neurasthenia, the chart can be 
used still further to bring up some technical points: (1) the manner 
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of charting the record, and (2) showing the appearance with change of 
scale using the same chart. 

As regards the first point, it is notable that most perimetrists 
including Bjerrum,’ Roenne,? Traquair’ and Sinclair,’ use smoothly 
curving lines to indicate the contours or isopters for the various test 
objects, and no points or dots indicating definite readings are used. 
Others, considerably in the minority, propose to have each measurement 
recorded by a dot of diameter perhaps two or three times the width of 
the connecting lines which are made straight from dot to dot and there- 
fore are not designed to approximate the probable field contour but 
merely diagrammatically to connect the known points. The latter method 
often results in neater appearing records since short straight lines are 
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Fig. 2—Same field as in figure 1, magnified by change of scale 2; 1 in right eye 
and 3 to 1 in left eye. 


easier for the average person to draw than long smooth curves, while 
the presence of large black dots seemed almost an affidavit to the fact 
that readings were certainly taken at those points. Since this method 
is a little more prevalent among neurologists and those who are forced 
often to delegate the work to assistants and interns, it seems as if it 
was a method of stimulating greater care on the part of the workers 
and a chance for a check up on the part of the chief. At any rate, I 
well remember with what telling effect “our Chief,” Harvey Cushing, 


7. Traquair, H. M.: The Quantitative Method in Perimetry, with Notes on 
Perimetric Apparatus, Ophth. Rev., March, 1914, p. 65. 

8. Sinclair, A. H. H.: Bjerrum’s Method of Testing the Field of Vision, the 
Advantages of the Method in Clinical Work, and Its Special Value in the Diag- 
nosis of Glaucoma, Tr. Ophth. Soc. U. Kingdom, 1905, p. 384. 
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used on occasion to recount a case in the early days when the hurried 
intern had stretched the interval of his readings a little and thereby 
missed a narrow deep notch close to the upper midline. If this had 
been found, a diagnosis of tumor of the brain could have been easily 
made at once, while as it was, Dr. Adolph Meyer had to study the case 
long and hard before suggesting a “retake” of the field with especial 
reference to the quadrants where the field defect was later found, 
thereby demonstrating nicely the significance of what is now referred 
to as Meyer’s loop, in the optic radiation. 

For that period of perimetry when the larger lesions of the field 
were being detected with 0.5 cm. disks, usually one white and three 
colored disks, every measurement could be recorded with large dots, 
but later when the refinements of screen work began to be added the 
dots, while still used, began to clutter up the field when the number of 
readings increased greatly within the small areas (20 degrees) around 
the blind spot and macula, so that I do not expect to see their use 
increase from now on, but rather the reverse. This will certainly be 
true in scotometry ; otherwise the field when recorded as actually taken 
will occasionally look like a little string of beads. 

This beading in the central region can be avoided considerably by 
changing of the scale on the chart, which brings one to a second point 
as illustrated by figure 2, showing the same field as figure 1 with the 
scale magnified from 3 to 1 for the right eye and 2 to 1 for the left 
eye as compared with the usual scale as used in figure 1. The blind 
spot of the regular chart is simply erased and the new scale numbers 
marked in larger size at the proper intersections. The transfer from 
one scale to another can then be accomplished with practically the same 
degree of accuracy as in the first place from screen to the chart. 


CONCLUSION 


1. Screen work may be simplified and time saved without sacrificing 
any necessary accuracy by using degrees of are rather than tangent 
measurements to offset the natural screen errors outside of 20 degrees 
to increasing distance. 


2. When this is done the same markings can be used for 1, 2 and 4 


meters distance on one side of the screen and the other side of the 
screen can be similarly marked for 1.5 and 3 meters to stand in exact 
simple multiple relation to a 300 mm. perimeter. 


3. Under these conditions, the disk series falls also into simple 
multiples of whole numbers. 


4. The use of dark wax crayons to mark on the screen permits more 
rapid recording on the screen during examination, and easy removal 
afterward with carbon tetrachloride. 


















































SOME LIMITATIONS OF THE MONRO-KELLIE 
HYPOTHESIS * 


LEWIS H. WEED 


For almost a century and a half, the hypothesis that the skull and 
bony coverings of the vertebral canal form a rigid container for the 
central nervous system has occupied the attention of anatomists, phys- 
iologists and neurologists. It is a hypothesis which has been gradually 
changed in its scope, and even in its conception, since its original pro- 
mulgation by Alexander Monro'* in 1783. Having been of interest to 
many in the course of the first fifty years of its existence, the doctrine 
has, in the past three decades, again become the subject of intensive 
investigation by workers in intracranial physiology. It is a tenet which 
has particularly concerned neurologic surgeons, because on its truth, 
or relative untruth, depend many of the critical procedures in the 
surgery of the central nervous system. The doctrine has especially 
intrigued the scientific curiosity of Harvey Cushing, to whom the aca- 
demic world owes a vivid presentation of this hypothesis* that the 
contents of the cranium are at all times relatively fixed in volume, and 
that variation in any of its three constituent elements must be com- 
pensated by reciprocal variation in the quantity of one or both the 
other elements. It is the purpose of this article to assemble anew the 
various fractions of evidence which underlie current belief in the truth 
of the doctrine, presenting, in part, work already published by me and 
detailing new observations which widen the field of knowledge of the 
limitations of the hypothesis. 

As one superficially examines the bony skeleton, particularly of man 
or of other higher vertebrates, one is impressed by the tremendous 
gaps in the bony structures constituting the vertebral column and the 
bony skull. Were one’s knowledge of anatomy confined to skeletal 
remains, one would have difficulty in conceiving the skeleton to be an 
effective covering for the central nervous system. But as one’s 
anatomic knowledge advances, one realizes that the many foramina in 
the skull are closed by the tough and inelastic dura mater, which 
intimately invests all the entering and emerging structures. In the 
vertebral canal, somewhat similarly, the intersegmental ligaments form 


* From the Department of Anatomy, Johns Hopkins University. 
1. Monro, Alexander: Observations on the Structure and Functions of the 
Nervous System, Edinburgh, Creech and Johnson, 1783. 


2. Cushing, Harvey: Studies in Intracranial Physiology and Surgery, Lon- 
don, Oxford University Press, 1925. 
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an almost equally tough, though slightly elastic, bridging mechanism, so 
that the vertebral tube forms a complete bony and fibrous investment, 
perforated segmentally by nerves and blood vessels. With the dura 
mater cerebri closely applied to the inner surface of the skull, the cranial 
box may easily be considered an intact container for the brain, but in 
the spinal cord, with the epidural space filled (in the mammals) with a 
fatty areolar tissue and a plexus of thin walled veins, the analogies seem 
distant ; for between the dura mater and the inner fibrous lining of the 
vertebral canal, the amount of inelastic fibrous tissue is small, indeed, 
and this bridging tissue seems hardly capable of maintaining the spinal 
dura in its proper position of distention. Excluding the points of 
emergence and entrance of the spinal nerves, the fibrous coverings of 
the spinal cord surely may be considered to lack rigidity in one par- 
ticular region—that of the occipito-atlantoid ligament. For here, as has 
been known for a century, pulsations of the intradural fluid contents 
may be seen under favorable conditions during the life of an animal. 


LITERATURE 


Such thorough and detailed anatomic conceptions could hardly have 
been appreciated by Alexander Monro,’ when, at the end of the eight- 
eenth century, this celebrated Scotch anatomist turned his attention to 
the problems of intracranial physiology, and devoted to this sub- 
ject a few of the pages of his epochal monograph “The Structure 
and Functions of the Nervous System.” Here one finds for the 
first time in scientific literature the hypothesis that the blood circulating 
within the cranium must at all times be constant in volume. Monro’s 
own words give a comprehensive idea of his method of reasoning: “as 
the substance of the brain, like that of the other solids of our body, is 
nearly incompressible, the quantity of blood within the head must be 
the same, or very nearly the same, at all times, whether in health or 
disease, in life or after death, those cases only excepted, in which water 
or other matter is effused or secreted from the blood-vessels; for in 
these, a quantity of blood, equal in bulk to the effused matter, will be 
pressed out of the cranium.” * 

The primary basis for this hypothesis was Monro’s anatomic 
generalization that the brain is “enclosed in a case of bone”;* and it 
followed quite logically that within a rigid container, such as the 
cranium, the contents must at all times be of the same volume. Hold- 
ing the brain to be incompressible and being cognizant of the existence 
of but one fluid element within the skull-case, Monro assumed that the 


quantity of blood could vary in volume only between the venous and 
the arterial sides. 


3. Monro (footnote 1, p. 5). 











WEED—MONRO-KELLIE HYPOTHESIS 1051 


Monro’s original hypothesis was further developed by George 
Kellie,* whose stimulating report is given in the first volume of the 
Transactions of the Medical and Chirurgical Society of Edinburgh in 
1824. Kellie attempted experimental and pathologic verification of the 
views advanced by Monro. His conclusions, based on observations in 
animals and in persons frozen to death, were that a state of bloodless- 
ness did not exist in the brains of animals killed by bleeding, that the 
amount of blood in the cerebral veins was not affected by posture or 
by gravitation, that congestion of these vessels (particularly on the 
venous side) was not found in those conditions in which it might well 
be expected (hanging, etc.) and that compensatory readjustments 
between the arterial and the venous sides always maintained a con- 
stant intracranial vascular volume. Kellie wrote: “That in the ordinary 
state of these parts we can not lessen, to any extent, the quantity of 
blood within the cranium, by arteriotomy or venesection ; whereas if the 
skull of an animal be trephined then hemorrhage will leave very little 
blood in the brain.” 

With Kellie’s apparent verification of Monro’s hypothesis, other 
workers applied the doctrine to pathologic conditions in man, par- 
ticularly in cases of apoplexy. In these studies, an attempt was made 
to determine whether the hemorrhage was compensated for by decrease 
in the volume of the intracranial arterial and venous bloods. The 
thesis, which quite properly became known as the “Monro-Kellie doc- 
trine,”’ was widely accepted, and interest in it was profound. 

Even though the cerebrospinal fluid had been discovered some years 
before Monro’s publication, and even though Haller® had given an 
accurate, though incomplete, account of this fluid filling and surround- 
ing the central nervous system, Monro was apparently in ignorance of 
its existence. It was only with Magendie’s first adequate description ° 
in 1825 and with his second more comprehensive monograph’ on the 
subject, that knowledge of the cerebrospinal fluid began to spread 
beyond Europe. Burrows,’ in 1846, questioned for the first time the 
thorough accuracy of the doctrine of fixed intracranial blood volume 
and introduced into the conception the relationship of the cerebrospinal 
fluid. Burrows repeated many of Kellie’s supposedly critical experi- 
ments relating to the effect of posture on the quantity of intracranial 


4. Kellie, George: Appearances Observed in the Dissection of Two Indi- 
viduals; Death from Cold and Congestion of the Brain, Tr. Med.-Chir. Soc. 
Edinburgh 1:84, 1824. 

5. Haller, A.: Elementa physiologiae corporis humani, 4:204, 1762. 

6. Magendie, F.: Recherches sur le liquide céphalo-rachidien, Paris, 1825. 

7. Magendie, F.: Recherches anatomiques et physiologiques sur le liquide 
céphalo-rachidien ou cérébro-spinal, Paris, 1842. 

8. Burrows, George: On Disorders of the Cerebral Circulation, London, 1846. 
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blood, and in his colored plates is shown an apparent difference between 
the intracranial blood volumes of animals, suspended post mortem by 
the head or by the tail. 

Burrows placed great importance on the cerebrospinal fluid as the 
means of replacing blood lost through systemic hemorrhage, for he felt 
that exsanguination unquestionably diminished the quantity of intra- 
cranial blood. Burrows was somewhat indefinite regarding the possible 
mechanism for such intracranial readjustments as are necessitated by 
variations in the volume of cerebral blood. He was unable to decide 
whether the vacated space under such conditions was filled with serum 
(cerebrospinal fluid?) or was eliminated by “resiliency of the cerebral 
substance under diminished pressure”; but in this expression of doubt 
is contained the first suggestion that the volume of the brain may be 
altered in accord with physiologic conditions. Summing up Burrow’s 
contentions, one finds that he was in general accord with the major 
thesis that the intracranial volume is at all times fairly constant—a 
thesis which necessarily accepts the view that the bony containers of 
the central nervous system are rigid, preventing alteration in the total 
volume of the tissues and fluids included within them. 

After the publication of Burrow’s small volume on this subject, 
hardly a score of years elapsed before other attempts were made to 
ascertain the truth of the important hypothesis by experimental methods. 
Donders,® and Kussmaul and Tenner,’® attempted by direct observa- 
tions through a cranial window, to secure evidence regarding the 
constancy or variability of the intracranial vascular volume; their 
methods, more reliable than observations on dead animals, did not per- 
mit control of all the factors. The data presented by these workers 
hardly justified their conclusion of a variable intracranial blood volume. 
Many years later (1896), Hill,** introducing more rigid methods of 
physiologic control, concluded that “the volume of the blood in the 
brain is in all physiological conditions but slightly variable.” *? But 
under these experimental conditions, either by direct observations as 
attempted by the earlier investigators or by deductions based on 
measurement of intracranial pressures (arterial, venous and cerebro- 
spinal fluid), many factors of necessary control could not be given due 
weight. 


9. Donders, F. C.: Die Bewegungen des Gehirn und die Veranderungen der 
Gefassfiillung der Pia Mater, Schmidt’s Jahrb. 69:16, 1851. 


10. Kussmaul, Adolf, and Tenner, Adolf: On the Nature and Origin of Epi- 
leptiform Convulsions, The New Sydenham Society, 1859. 


11. Hill, Leonard: Physiology and Pathology of the Cerebral Circulation, 
London, J. & A. Churchill, 1896. 


12. Hill (footnote 11, p. 77). 
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Dixon and Halliburton ** studied the general problem of the Monro- 
Kellie doctrine in a way but slightly different from that employed by 
Hill. Basing their conclusions on the apparently great variations in 
intracranial pressures, particularly in the relation of the cerebrospinal 
fluid pressure to that in the torcular herophili, they asserted that “the 
cranial contents cannot any longer be regarded as a fixed quantity 
without the power of expanding or contracting in volume.” '* Such an 
assertion necessarily involved extreme modification of the doctrine, if 
not definite renunciation. The observations of Dixon and Halliburton 
indicated that unquestionably, within the physiologic limits established, 
variations in the pressures of cerebrospinal fluid and of cerebral venous 
blood could be effected without the exact correspondence in pressure 
relationships given by Leonard Hill. 


PERSONAL OBSERVATIONS 


During the course of investigations to determine what agents, if 
any, would affect the volume of the brain, McKibben and I* ascer- 
tained that the intravenous injection of solutions, the osmotic pressure 
of which differed from that of the blood, caused in the living animal 
marked alteration in the volume of the brain. It was shown that the 
intravenous injection of hypotonic solutions markedly raised the pres- 
sure of the cerebrospinal fluid and increased the volume of the brain, 
while the intravenous injection of hypertonic solutions caused lowering 
of the pressure of the cerebrospinal fluid and corresponding diminution 
in the volume of the brain. With the intravenous injection of strongly 
hypertonic solutions, the pressure of the cerebrospinal fluid was fre- 
quently reduced to negative values, so that occasionally negative records 
of as great magnitude as the previous positive readings were obtained 
in the pressure of the cerebrospinal fluid. 


These observations in the living animal caused general recon- 
sideration of the Monro-Kellie doctrine, as the hypothesis of a rigid 
container for the nervous system formed a fundamental basis of inter- 
pretation. It was apparent that these alterations in the cerebral volume 
and in the pressure of the cerebrospinal fluid, effected by the intra- 
venous injection of solutions of various concentrations, were dependent 
on the interchange of water and salts between blood and the nervous 
system with its fluids. But the negative pressures in the cerebrospinal 


13. Dixon, W. E., and Halliburton, W. D.: The Cerebrospinal Fluid: II. 
Cerebrospinal Pressure, J. Physiol. 48:128, 1914. 

14. Dixon and Halliburton (footnote 13, p. 153). 

15. Weed, L. H., and McKibben, P. S.: Pressure Changes in the Cerebro- 
spinal Fluid Following Intravenous Injection of Solutions of Various Concentra- 


tions, Am. J. Physiol. 48:512, 1919; Experimental Alteration of Brain Bulk, ibid. 
48:531, 1919. 
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fluid involved even more the consideration of the accuracy of the Monro- 
Kellie thesis. It seemed quite impossible to obtain a negative pressure 
in the cerebrospinal fluid unless the bony containers of the central ner- 
vous system served as a rigid mechanism, preventing the direct applica- 
tion of atmospheric pressure to the intracranial contents. Under these 
circumstances, it became desirable to reconsider all the variables in the 
hypothesis, and to test the conclusion that none of the elements com- 
pletely filling this rigid container was constant in volume. The total 
volume of the three elements—blood, cerebrospinal fluid and brain— 
was looked on as relatively constant. But with realization of the 
possibility of experimental alteration in brain volume, it was essential 
to hold that perhaps under conditions of physiologic life, the volume of 
the brain itself would vary. Likewise, every evidence at hand indicated 
that the quantity of the intracranial blood would not be constant; and 
surely there were data enough to lead one to believe that the amount 
of cerebrospinal fluid would vary. These factors and these assump- 
tions led McKibben and me to the general conclusion that the intra- 
cranial contents were at all times of a relatively fixed volume and that 
the cranial cavity and spinal dural tube were completely filled with 
blood, cerebrospinal fluid and nervous tissue; that variations in the 
quantity of any one of these three elements might occur, but that these 
variations were immediately compensated for by reciprocal changes in 
the volume of one or both of the remaining elements. 

Realizing that this general, though modified, acceptance of the 
Monro-Kellie hypothesis was in many ways based on speculation, and 
that belief in the general truth of the doctrine depended almost entirely 
on the interpretation of negative pressures experimentally obtained in 
the cerebrospinal fluid, I undertook with Hughson ** a more extensive 
study, working toward narrowing the limits of accuracy of the thesis. 
In the literature, suggestions as to the importance of the cranial vault 
to the general concept had been ventured—first, by Kellie,* who 
noticed that in a trephined animal (dura opened [?]) marked varia- 
tion in intracranial content of blood occurred on changes in posture. 
Similarly, Ecker ** recorded in a trephined animal a marked diminution 
in the size of the brain when the carotid arteries were divided. These 


16. Weed, L. H., and Hughson, W.: Systemic Effects of the Intravenous 
Injection of Solutions of Various Concentrations with Special Reference to the 
Cerebrospinal Fluid, Am. J. Physiol. 58:53, 1921; The Cerebrospinal Fluid in 
Relation to the Bony Encasement of the Central Nervous System as a Rigid Con- 
tainer, ibid. 58:85, 1921; Intracranial Venous Pressure and Cerebrospinal Fluid 
Pressure as Affected by the Intravenous Injection of Solutions of Various Con- 
centrations, ibid. 58:101, 1921. 

17. Ecker, Alex: Physiologische Untersuchungen iiber die Bewegungen des 
Gehirns und Riickenmarks, etc., Stuttgart, E. Schweizerbart, 1843. 
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observations, contrasting so strongly with the observations on animals 
with intact craniums, suggested the important function of the bony 
cranial vault as a factor in the maintenance of the closed box character 
of the coverings of the central nervous system. 


Two types of experiments were devised by Hughson and me.** In 
the first series, the temporal bone on one side was trephined and the 
cranial vault then removed from that side, leaving the dura mater 
intact. With this experimental set-up it was possible to record the 
pressure of the cerebrospinal fluid in the customary manner and to 
administer intravenous injections of strongly hypertonic solutions. 
Freely exposed to the atmosphere, the uncovered portion of the cranial 
dura mater remained invariably tense, owing to the pressure of the 
intracranial contents against it. But freed from the cranial vault over 
the one side, the exposed dura could collapse inward on evacuation of 
the intracranial contents. Under these conditions, repeated injections 
of strongly hypertonic solutions, even in the amount sufficient finally 
to kill the experimental animal, failed to reduce the pressure of the 
cerebrospinal fluid to negative readings. In every case, the pressure 
remained slightly above zero; the positive reading (usually from 16 to 
20 mm. of fluid) was apparently a direct measurement of the height 
of the one cerebral hemisphere above the recording needle in the mid- 
line of the animal. This type of experiment demonstrated, in Hugh- 
son’s and my opinion, that the intactness of the cranial vault was 
essential for the production of negative pressures in the cerebrospinal 
fluid. 

The experiments of the second series were of a somewhat similar 
nature, with provision made for the initial recording of the negative 
pressures in the cerebrospinal fluid and the subsequent exposure of the 
dura mater to atmospheric pressure. The experimental procedure 
involved first the trephining of the cranial vault under one temporal 
muscle, freeing the dura widely over one cerebral hemisphere, and sub- 
sequent sealing of the cranial opening with hard petrolatum and a glass 
slide. Under these experimental conditions, measurement of the nor- 
mal pressure of the cerebrospinal fluid could be easily effected; after 
a control period, the animal was given intravenously a large dose of a 
strongly hypertonic solution. This injection invariably reduced the 
pressure of the cerebrospinal fluid to values of a negative nature. When 
these negative pressures were obtained, the glass slide was abruptly 
removed, thereby exposing the cranial dura on one side to atmospheric 
pressure. This exposure of the dura mater, which could under these 
conditions collapse inward, resulted in the prompt change of the pres- 
sure of the cerebrospinal fluid from its negative value to a positive level, 


18. Weed and Hughson (footnote 16, second reference). 
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representing again the height of one cerebral hemisphere above the 
recording needle. These two series of experiments (Weed and Hugh- 
son **) seemed to demonstrate conclusively the essential accuracy of the 
interpretation of the Monro-Kellie doctrine as given by McKibben and 
me. 

The data indicated that within the physiologic limits tested the doc- 
trine was fundamentally correct, and that the other elements of possible 
disturbance to such interpretation were not of sufficient consequence 
to interfere with the general soundness of the doctrine. Thus, a 
hypothetic dilatation of the wide venous bed in the spinal epidural space, 
the possible stretching of the fibrous bands between the spinal dura and 
vertebral canal, the elasticity of the occipito-atlantoid ligament and the 
theoretically possible movement of fluid inward along potential peri- 
neural channels—all of which factors might be assumed anatomically 
and physiologically to prevent strict interpretation of the rigid character 
of the coverings of the central nervous system—were not of sufficient 
physical importance to vitiate the bony framework of the central 
nervous system as a closed container. All these potentially active 
factors seemed to be of theoretical rather than any practical significance 
under the conditions of observation. The experiments done with 
McKibben and those with Hughson did not give, however, any infor- 
mation regarding these potentialities; the experiments excluded these 
potentialities from any active role in the extreme conditions of the 
physiologic procedure, and argued strongly for acceptance of the Monro- 
Kellie doctrine as an essentially sound hypothesis. 


It seemed, however, that these series of experiments were largely 
of a gross nature, and that the means employed were such as to bring 
out certain maximum variations rather than the minute effects which 
might theoretically play a role in the normal physical use of the bony 
containers of the nervous system. Slight variations in the intradural 
vascular bed or in the epidural tissues would not, under these conditions, 
be great enough to interfere with the drastic reduction of the pressure 
of the cerebrospinal fluid, achieved by the intravenous injection of 
strongly hypertonic solutions. There could, however, not be any doubt 
that in the wider sense the Monro-Kellie doctrine was correct. The 
gross limitations, through which the doctrine would hold correct, were 
established ; but the finer, more minute limitations were not in any way 
determined. 

For several years after the publication of the results of these 
investigations with Hughson, I considered methods of narrowing the 
physiologic limits within which the Monro-Kellie doctrine could be 
demonstrated to be essentially sound. Many of the suggestions which 


19. Weed and Hughson (footnote 18, charts 1 and 2). 
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came to me were such as to give but little encouragement, but within 
the last two years I have obtained significant data from study of the 
changes in pressure of the cerebrospinal fluid, effected by alterations 
in the posture of the experimental animal. Some of the data were 
presented before the Association for Research in Nervous and Mental 
Disease (December, 1927) ; others are now reported for the first time. 

For the experimental study of postural changes in the pressure of 
the cerebrospinal fluid, a simple tilting table was devised, whereby the 
animal, securely fastened to the table, could be abruptly changed from 
the horizontal to the vertical positions (head-down, tail-down). It was 
necessary to record not only the pressure of the cerebrospinal fluid 
during such changes in the animals’ positions, but also the intracranial 
venous pressure from the sagittal sinus (Weed and Hughson), as well 
as the intracranial arterial pressure. For all these records, simple 
apparatus was used, so that the experimental procedure could be carried 
out by a small experimental team. 

With this set-up, many interesting observations in regard to the 
physiology of the cerebrospinal fluid were obtained, but for the 
restricted purpose of this discussion, only the pertinent data will be 
given. First of all, it became apparent that the clinical observations of 
an increase in intracranial tension when lumbar pressure was measured 
in the erect rather than in the prone position held also for four-footed 
mammals. In the experimental series, with the normal pressure of the 
cerebrospinal fluid hovering around an average of 125 mm. of fluid, 
abrupt tilting of the animal to the vertical, head-down position occasioned 
an increase in the occipital pressure of from 90 to 120 mm. (charts 1, 
2 and 3). In forty-four different observations, the average increase 
was 104.9 mm. of fluid in this shift from the horizontal to the vertical 
position, the extremes being 64 and 167 mm. On the other hand, if 
the animal was tilted from the horizontal to the vertical, tail-down posi- 
tion, a decrease of from 60 to 85 mm. occurred in the pressure of the 
occipital cerebrospinal fluid (chart 2), the average decrease in twenty- 
four observations being 74.3 mm. The extreme variations were 115 
and 48 mm. 

On restoration of the animals to the horizontal position, the pres- 
sures of the cerebrospinal fluid returned ultimately to the same levels 
as in the control periods, but not until temporary depressions had 
occurred after the vertical, head-down position and temporary elevations 
after the vertical, tail-down position (charts 1, 2 and 3). These 
increases and decreases from the normal level after such vertical tiltings 
consisted of from 10 to 15 mm. of fluid. They persisted usually from 
five to seven minutes, with gradual recession, normal levels being cus- 
tomarily restored within ten minutes. These slight differences from 
the normal levels of pressure of the cerebrospinal fluid are of sig- 
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nificance in indicating the place of absorption of the major portion of 
the cerebrospinal fluid and the relation of pressure to the process. 
With the vertical, head-down position, the pressure of the intracranial 
cerebrospinal fluid is increased; when the animal is restored to the 
horizontal position, the pressure of the cerebrospinal fluid is below that 
which existed before the tilt to the vertical position. The exact con- 
verse holds when the tilting is in the opposite direction. These obser- 
vations would seem to indicate that the major absorption of the 
cerebrospinal fluid is unquestionably in the head region, and that with 
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Chart 1 (dog—experiment A 18).—In this and the following charts, the ordi- 
nates represent millimeters of Ringer’s solution or mercury (carotid pressure) ; 
abscissae, time in minutes; solid black line, cerebrospinal fluid pressure from 
occipito-atlantoid manometer ; interrupted line, sagittal venous pressure; rings and 
dashes, brachial venous pressure; solid circles and dashes, carotid arterial pressure. 
The animal was in a horizontal position except during the interval marked, by the 
solid block, in which it was shifted to a vertical, head-down position. 


increased pressure in the cranial cerebrospinal fluid an increased 
absorption takes place. 

Other changes of significance occurred during this tilting process, 
particularly in the cerebral venous pressures, as measured in the 
superior sagittal sinus (charts 1 and 2). The average increase in 
sagittal pressure in the same series of observations, with tilting of the 
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animal from the horizontal to the vertical, head-down position, was 184.1 | 
mm., as compared with an increase of 104.9 mm. in the pressure of the 
occipital cerebrospinal fluid. In the converse experiments, on tilting 
from the horizontal to the vertical, tail-down position, the average 
decrease in sagittal pressure was 79.7 mm., as compared to the average 
decrease of 74.3 mm. in the pressure of the occipital cerebrospinal fluid. 
The alterations in the systemic venous pressure (chart 3) were not of 
significance during this process of abrupt tilting from the horizontal 
to the vertical ; similarly, the alterations in the intracranial arterial pres- 
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Chart 2 (dog—experiment A 24).—The animal was in a horizontal position | 
except during the interval marked by diagonal cross-hatching, in which it was | 


shifted to a vertical, tail-down position, and during the interval marked by the : 
solid block, when it was shifted to a vertical, head-down position. 1 


sure (charts 1, 2 and 3) were likewise not of real importance in the 
discussion. The general observations indicate, therefore, that the pres- t 
sure of the cerebrospinal fluid is less affected by postural changes than 
is the pressure of the cerebral venous system. 


In some animals, the pressure of the cerebrospinal fluid was taken 
simultaneously by occipito-atlantoid and lumbar manometers. Under 
these conditions, during the control periods when the animal was in the 
horizontal position, the occipital and lumbar pressures were at the same 
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levels. When, however, the animal was tilted from the horizontal to 
the vertical, head-down position, the increase in the occipital pressure 
was far greater than when the dural tube was pierced by only one 
needle (chart 3) ; negative pressures occurred in the lumbar manometer. 
In one animal, the occipital pressure increased from 120 to 240 mm., 
while the lumbar pressure fell to minus 100 mm. With the animal in 
the vertical position, the occipital and lumbar manometers were in the 
same vertical plane, side by side. The fluid in the two manometers 
could be seen under these conditions to be at exactly the same level, 
though in the experimental set-up the lumbar manometer recorded a 
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Chart 3 (dog—experiment A 8)—The animal was in a horizontal position 
except during the intervals marked by the solid blocks, in which it was shifted to 
a vertical, head-down position. During the interval, from 57 to 68 minutes, lumbar 
puncture was done. 


negative pressure, while the occipital instrument recorded a positive 
pressure. When the animal was restored to the horizontal position, 
both these manometers showed resumption of normal pressures. 

One of the phenomena noted in all these experiments was the 
relatively rapid fatigability of the vasomotor system on such abrupt 
tiltings to the vertical. In many animals, spontaneous respiration ceased 
and vasomotor collapse seemed to occur. Others of the animals seemed 
to stand these abrupt changes in posture well, and fatigue in reaction 
was not apparent, even after many tiltings. In one animal (chart 4), 
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five abrupt tiltings at five minute intervals were carried out in seventy- 
seven minutes of experimentation; fatigue was practically absent 
throughout the period. The magnitude of the postural alterations is, 
however, of some significance in the general process, as in this animal 
the decreases in the pressure of the cerebrospinal fluid were as follows: 
40, 70, 60, 48 and 74 mm. The decreases in sagittal venous pressure 
for the same tiltings were 65, 69, 59, 45 and 47 mm. Such variations 
are, of course, not unexpected in any physiologic reaction, but the curve 
indicates a gradual decrease in the pressure of the cerebrospinal fluid, 
together with a gradual increase in the sagittal venous pressure. 


COMMENT 


All these data have immediate significance in the limitation of the 
field of accuracy of the Monro-Kellie doctrine. In this series of labora- 
tory mammals (cats and dogs), the average distance between the 
occipital recording needle and the last lumbar spine was slightly over 
400 mm. The average alterations in the pressure of the cerebrospinal 
fluid on tilting from the horizontal to the vertical positions were 
104.9 mm. for the head-down position, and 74.3 mm. for the tail-down 
position. These alterations in the pressure indicate, therefore, that in 
the vertical position the full hydrostatic effect of the column of 400 mm. 
of water is not superimposed on the existing normal pressures. For, if 
this column were superimposed in its entirety, the pressure of the 
occipital cerebrospinal fluid should increase approximately 400 mm. 
when the animal is tilted from the horizontal to the vertical, head-down 
position; and, conversely, the decrease should be of the same extent, 
giving negative pressures in the cerebrospinal fluid, when the animal 
is tilted to the vertical, tail-down position. 

Similarly, the magnitude of the alterations in the pressure of the 
cerebrospinal fluid in these experimental procedures indicates that the 
spinal dural tube does not serve as an absolutely rigid container, for if 
the tube were a truly rigid container, the tiltings from the horizontal to 
the vertical positions, either tail-down or head-down, should not in any 
way affect the pressure of the occipital cerebrospinal fluid, the tube 
being to all intents completely filled with fluid. The tilting experi- 
ments with manometers in both occipital and lumbar regions are impor- 
tant here: the second needle serves to vent the tube and permits 
dislocation of the spinal fluid as indicated by the greater increase of 
pressure in the dependent needle when compared with the lesser increase 
in animals without a lumbar opening (chart 3). The fact that alterations 
in the pressure of the cerebrospinal fluid do occur in abrupt tilting from 
the horizontal to the vertical, even when the tube is not vented, indicates 
that the physics of the hydrostatic column of water cannot be directly 
applied: the extent of the alterations in pressure, however, demonstrates 
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that in many ways the spinal dural tube does act as a partially rigid con- 
tainer. Venting of this tube which thus allows atmospheric pressure 
to affect the fluid column through one of the recording manometers, 
as in those animals in which simultaneous records of occipital and lumbar 
pressures were obtained, shows that a partial vacuum must, under ordi- 
nary conditions, be created within the uppermost portion of the tube, 
when the animal is in the vertical position. 

These observations lead, therefore, to speculation regarding the 
anatomic and physiologic mechanisms which permit, under these condi- 
tions, the partial application of the hydrostatic column to the pressure 
of the cerebrospinal fluid when the animals are in the vertical positions. 
Two factors of extreme importance seem immediately indicated: (1) the 
possible inward collapse of the spinal dura mater, and (2) the alteration 
in the intradural venous bed (dilatation or constriction). Reducing the 
problem to its simplest form, in the case of the animal tilted from the 
horizontal to the vertical, head-down position, with resultant increase in 
the pressure of the occipital cerebrospinal fluid of approximately 
100 mm., it becomes apparent that this increase in the pressure must 
have been due to dislocation of the spinal column of fluid, permitted 
by partial collapse of the spinal dura or by dilatation of the intra- 
dural veins in the spinal region. The first of these two factors 
might be due to stretching of the small fibrous trabeculae, extending 
across the epidural space from the inner surface of the rigid vertebral 
column to the outer surface of the dura mater. Such a hypothetic 
stretching of fibrous trabeculae might also be accompanied by dilatation 
of the veins in the extensive epidural plexus. This stretching would 
probably occur to the greatest extent in the lumbar and sacral regions of 
the cord, for in these regions the negative pull of the column of water 
would, in the vertical position, be most extreme. 

The second factor which might play an important role in such an 
increase in occipital pressure, with the animal in the vertical position, 
is the dilatation of the intradural veins in the lower spinal region. 
Such a hypothetic dilatation would affect the thin-walled veins trans- 
versing the subarachnoid space, the extensive venous bed directly 
beneath the pia mater and possibly the venous bed of the spinal cord 
itself. This assumed dilatation of veins would decrease the space 
occupied by the column of cerebrospinal fluid under normal condi- 
tions, and would, therefore, permit dislocation of the fluid from the 
lumbar and sacral regions when the animal is in the vertical, head-down 
position. This dislocation would be equivalent to a decrease in the 
height of the fluid column; it would have the same physiologic effect 
as inward collapse of the dura mater. 

Some information regarding the relative importance of these two 
possible factors in allowing a partial hydrostatic effect to be manifested 
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in tilting from the horizontal to the vertical positions can be obtained. 
The basis for this statement lies in the differences recorded in the 
pressure of the cerebrospinal fluid when the animals were tilted from 
the horizontal to the vertical, head-down and tail-down positions. In 
the former case (tilting from horizontal to vertical, head-down position), 
the average increase in occipital pressure was 104.9 mm. of fluid; while 
in the latter case (tilting from horizontal to vertical, tail-down position), 
the average decrease was 74.3 mm. In both these tiltings, the recording 
needle was in the same place (i. e., through the occipito-atlantoid liga- 
ment in the midline), and the same column of fluid was imposed on the 
normal pressure, though in different directions. Were the dilatation 
of intradural veins in the uppermost part of the animal the impor- 
tant factor, the decrease when the animal is tilted from thé horizontal 
to the vertical, tail-down position should be greater than when it is tilted 
from the horizontal to the vertical, head-down position. In the former 
tilting, the dilatation of the relatively enormous cerebral veins, allowing 
outspoken dislocation of the fluid column, would be theoretically possible. 
However, with the recorded increase in pressure of the occipital cerebro- 
spinal fluid on tilting from the horizontal to the head-down position 
exceeding the decrease on tilting from the horizontal to the vertical, tail- 
down position, it must be assumed that the inward collapse of the dura 
mater is the more important factor in such superimposition of hydro- 
static effect on the normal pressure of the cerebrospinal fluid. 

The inward collapse of the dura mater, which seems essentially 
responsible for the postural dislocation of cerebrospinal fluid, occurs, in 
all probability, to a greater extent in the lumbar and sacral regions than 
in the thoracic and cervical areas. The evidence for this again depends 
on the greater alteration in pressure of the cerebrospinal fluid on vertical 
tilting to the head-down position than on tilting to the tail-down position. 
In the former case, it seems logical to assume a collapse of the dura 
mater against the spinal cord in the region where the spinal cord is 
rapidly diminishing in size, whereas, in the latter case, the cervical 
enlargement apparently tends to prevent great inward collapse of the 
dura mater. The relative sizes of lumbar and cervical portions of the 
subarachnoid space would here appear to be responsible. 

It seems rational also, on the basis of this argument, to assume that 
a theoretically possible compression of veins in the dependent portion 
of the nervous system on vertical tilting plays practically no réle in the 
process of dislocation of the fluid. Were such a compression of veins 
a factor of significance, the recorded changes in cerebral venous pressure 
would not exceed the changes in the cerebrospinal fluid pressure, for 
the pressure of the fluid on the outside of the veins would necessarily 
have to equal or exceed that within the veins to secure such mechanical 
compression. Also, if the veins in the dependent part of the nervous 
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system were compressed by the surrounding cerebrospinal fluid on such 
vertical tilting, dislocation of spinal fluid would not occur, unless at 
the upper end of the vertical system such a dislocation of fluid were 
at the same time permitted by other factors. 

On the other hand, the major emphasis given in the foregoing para- 
graphs to the importance of inward collapse of the spinal dura mater 
does not seem to tell the whole story. The extent of the alterations in 
the pressure obtained on each successive tilting in one animal should be 
almost exactly the same, were the inward collapse of the dura mater the 
entire factor in the process of dislocation of the spinal fluid. This 
inward collapse of dura mater, permitted by stretching of the epidural 
trabeculae, must be looked on largely as an anatomic phenomenon, and 
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Chart 4 (dog—experiment A 33).—The animal was in a horizontal position 
except during the intervals marked by the solid blocks, in which it was shifted to a 
vertical, head-down position. 


the process should, therefore, not be subject to greater variation within 
the period of experimentation. In the animal the reactions of which are 
set down in chart 4, the variations in the alterations of pressure of the 
cerebrospinal fluid were considerable; and these variations, occurring 
within five or ten minutes in the same animal, with coincident changes 
in the pressures in the superior sagittal sinus, would indicate that the 
factor of vasomotor readjustment still had some importance. In conse- 
quence, it is not in any way possible to exclude from this explanation 
the theoretical dilatation of the intradural veins in the uppermost por- 
tions of the spinal cord when the animal is in the vertical positions ; this 
dilatation must play a role of unknown importance in permitting down- 
ward dislocation of spinal fluid. 
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CONCLUSIONS 


These phenomena of alterations in pressure in the cerebrospinal fluid 
on change in the animal’s posture lead to the general conclusion that 
the mammalian central nervous system is protected in large measure 
against changes in pressure due to postural adjustments, as the full 
effects of the hydrostatic column of fluid, theoretically possible, are not 
superimposed in the vertical position on the normal pressure of the 
cerebrospinal fluid. The extent of these variations in pressures, on 
abrupt tilting to the vertical positions, are in accord with the clinical 
observations by Barré and Schrapf,*° and by Zylberlast-Zand ; ** in these, 
an increase of approximately 200 mm. in pressure of the lumbar cerebro- 
spinal fluid was recorded in man on change from the prone to 
the vertical position. Were the central nervous system not held within 
a relatively rigid container, the full extent of the hydrostatic column of 
fluid should be recorded both in the four-footed animal and in man. 
In the laboratory mammals used in these experiments, this column of 
fluid measured approximately 400 mm., while in man the analogous dis- 
tance between occiput and last lumbar spine is between 575 and 600 mm. 
Roughly, from one third to one fourth of this actual column of fluid 
makes its effect felt on postural adjustment; in other words, the spinal 
tube of mammals is fairly, though not absolutely, rigid. Within these 
physiologic limits, as tested in the experiments on mammals, the spinal 
tube does not serve as an absolutely rigid container, yet the effect of the 
rigidity of the tube is such that only a fraction of the hydrostatic height 
of the contained column of fluid makes itself felt. 

This assumption of relative rigidity in the spinal dural tube delimits 
again the general accuracy of the’ Monro-Kellie hypothesis, for in this 
doctrine it is necessary to incliide the spinal tube as well as the cranial 
portion. On the basis of these experiments, the Monro-Kellie thesis 
may still be assumed to be essentially correct; but the correctness of 
the doctrine does not seem to be as absolute, as in the experiments 
recording negative presssures of the cerebrospinal fluid. In these former 
observations, the theoretical or actual collapse of the spinal dura against 
the spinal cord, and the theoretical or actual dilatation of the spinal 
veins, play réles of relatively small significance, as shown by the extreme 
negative pressures so frequently obtained. 

There are, of course, other limitations to the Monro-Kellie thesis. 
In the recorded literature on the subject, but little mention has been 
made of the fact that all the discussions of the doctrine are based on 


20. Barré, J. A., and Schrapf, R.: Sur la pression du liquide céphalo-rachidien, 
Bull. méd., Paris 35:63, 1921. 

21. Zylberlast-Zand, N.: Sur la modification de la pression du liquide céphalo- 
rachidien sous l’influence du changement de position du corps et de la téte, Rev. 
neurol. 37:1217, 1921. 
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the anatomic arrangements in the adult; consideration is not given to 
the anatomic disposition in the new-born babe and in other new-born 
mammals, where fibrous sutures and fontanels characterize the skull at 
the time of birth. The pulsations of the anterior fontanel in the new- 
born babe have been noted for almost 2,000 years, and the elasticity of 
these fontanels would, of course, vitiate extreme interpretation of the 
accuracy of the Monro-Kellie thesis. As pointed out in other para- 
graphs, however, the elasticity of the occipito-atlantoid ligament in the 
adult would similarly affect the absolutely rigid character of the con- 
tainers of the central nervous system; and in the new-born child the 
insertion of such an elastic membrane in a large portion of the cranial 
vault would unquestionably tend to have a far greater effect on the 
Monro-Kellie hypothesis than would the persistence of a small elastic 
window in the occipital region. 


It was, of course, extremely important to have Blackfan, Crothers 
and Ganz ** argue so clearly that in children the Monro-Kellie hypothesis 
should not be applied with exactness ; but it should not be assumed that 
it is possible to discard the thesis entirely in the new-born child and in 
young infants. Nanagas’ ** experiments on hydrocephalic kittens are 
pertinent to the discussion. In the series of young kittens in the first 
few weeks of life, Nanagas created an experimenta! hydrocephalus by 
injecting suspensions of lamp black into the cerebral ventricles or sub- 
arachnoid space (Weed **). Following this procedure, the skulls of 
these kittens increased enormously in size, the suture lines enlarged and 
the fontanels became wide, elastic membranes. The intraventricular 
pressure of these hydrocephalic kittens was approximately 50 per cent 
higher than the pressures in the control litter mates. When given 
intravenous injections of strongly hypertonic solutions, the intra- 
ventricular pressure of the hydrocephalic kittens in Nanagas’ series was 
frequently reduced to negative values. The skull of these kittens, with 
such negative pressures existing within the nervous system apparently 
collapsed in part, the flat cranial bones coming to over-ride each other 
so that a fairly rigid skull was reestablished. The obtaining of such 
negative pressures in the experimental kittens would indicate that in the 
new-born mammal the Monro-Kellie doctrine should be looked on as 
a fairly potent factor in intracranial physiology. The limitations here, 
however, are much greater, owing to the extreme elasticity of the 


22. Blackfan, K. L.; Crothers, B., and Ganz, R.: Intracranial Pressure in 
the Hydrocephalus of Infancy and Childhood, Proc. A. Research Nerv. & Ment. 
Dis., N. Y., December, 1927. | 

23. Nanagas, J. C.: Experimental Studies on Hydrocephalus, Bull. Johns 
Hopkins Hosp. 32:381, 1921. 

24. Weed, L. H.: The Experimental Production of an Internal Hydrocephalus, 
Contrib. Embryol. no. 44, Carnegie Inst., Washington, 1919, pub. 272, p. 425. 
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anterior fontanel and the wide extent of this elastic window, than in the 
case of adult animals, in which the whole cranial vault is bony. That 
the intactness of a major portion of the cranial vault is necessary for the 
essential working of the closed box character of the containers of the 
central nervous system was shown by the experiments done with 
Hughson. The question is one merely of the limitations of the Monro- 
Kellie thesis rather than of its incorrectness. 


In the Monro-Kellie doctrine, then, there exists a hypothesis which 
within tested physiologic limits must be considered essentially sound, 
though in minor ways the doctrine does not hold. The evidence points 
to the cranial cavity as an intact closed container; in the spinal dura 
mater, there exists a fibrous membrane which is not held outwardly 
with great rigidity. The spinal region, therefore, constitutes the part 
of the central nervous system which is apparently not confined within 
an absolutely rigid container; but the importance of this part of the 
central nervous system is relatively not as great as the cranial portion. 
So in almost every physiologic way, the Monro-Kellie doctrine must be 
considered essentially correct, though such consideration must be always 
subject to special limitation. From the standpoint of intracranial 
physiology, as a basis for experimental or surgical procedures, the 
doctrine holds ; and its importance is great in any clinical procedure. 

It is thoroughly stimulating to contemplate again the gradual devel- 
opment and delimitation of this important doctrine of intracranial 
anatomy and physiology, for in this doctrine there have been elements of 
romance and speculation. Taking its inception as an explanation of 
intracranial physiology logical to its time, Monro?’ limited the doctrine 
strictly to the cranium, and being ignorant of the existence of the 
cerebrospinal fluid and of the variability of brain volume, he developed 
the hypothesis in relation only to the intracranial blood volume. Then, 
in Kellie’s fascinating studies, there seemed to exist pathologic and 
experimental proof of the hypothesis. Again, with the increasing dis- 
semination of knowledge regarding the cerebrospinal fluid, Burrows 
was able to add another element to the consideration, and to accept the 
doctrine as a generality, though limiting it in a rather specific way. 

The introduction of modern experimental methods, especially the 
attempted study of the cerebral blood volume by direct observation 
through a cranial window, added but little in the initial researches, 
owing to the difficulty of examining more than a local area of the 
central nervous system and to the necessity of limiting the obser- 
vations to the relatively large cerebral arteries and veins. But this 
method, in the final analysis, must give the information needed; and it 
is of great significance that renewed efforts to this end are now being 
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carried forward. The recent studies by Forbes and Wolff ** are 
technically a great improvement over the earlier investigations by an 
analogous method of direct observation; with Kubie’s introduction of 
colored photography into the procedure, data regarding the cerebral 
capillary volume will soon be available as well as information regarding 
the calibers of the superficial cerebral arteries and veins. All these 
methods, to be of final service, must, however, be subject to some type 
of calibration or standardization, in order that these observations may be 
carefully checked against the physiologic measurements of intracranial 
pressures. 

With such methods at hand, knowledge regarding the mechanism of 
compensation between the three elements filling the cranial cavity may 
be had, so that the problem will be taken from the field of speculation 
to that of definite physiologic demonstration. However, at present, 
it seems thoroughly logical to conclude that in a major way the Monro- 
Kellie thesis will, in the future, be held to be essentially correct. The 
gradual accumulation of the known limitations of the doctrine will 
serve to strengthen the reliance on the major discussion rather than to 
weaken it. 


25. Forbes, H. S., and Wolff, H. G.: Cerebral Circulation: III. The Vaso- 
motor Control of Cerebral Vessels, Arch. Neurol. & Psychiat. 19:1057 (June) 
1928. Forbes, H. S.: The Cerebral Circulation: I. Observation and Measure- 
ment of Pial Vessels, ibid. 19:751 (May) 1928. 
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INSTRUMENTAL DILATATION OF THE PAPILLA OF 
VATER AND THE DISLODGMENT OF CALCULI 
BY RETROGRADE IRRIGATION 


A CONTRIBUTION TO THE SURGERY OF THE BILE PASSAGES * 


DAVID CHEEVER 


The problem of the safe and certain removal of calculi from the 
common bile duct and of the restoration of its permeability is often 
a pressing one in the course of operation for cholelithiasis. Its solution 
must be by simple mechanical methods which should occur to any 
resourceful surgeon even though the exact problem has never pre- 
sented itself before. The frequency, however, with which patients 
apply for the relief of symptoms due to calculi in the common duct 
overlooked at a previous operation leads to the conclusion that the 
methods in general use by surgeons are not efficient. This impression 
is strengthened by observations recently in twelve European clinics, in 
not one of which were satisfactory measures to explore the common 
duct apparently in routine use, and by a nearly similar experience in 
this country. 

Calculi in the common duct offer three avenues of approach, 
according to the part of the duct which they occupy. In the supra- 
duodenal portion where the duct lies between the layers of the gastro- 
hepatic omentum, incision may be made directly into the duct; in 
the retroduodenal part of its course it may be reached by mobilizing 
the second portion of the duodenum and traversing, if necessary, the 
edge of the pancreas ; and, finally, if the stone is lodged in the ampulla 
of Vater or is impacted in the opening of the papilla, it may have to 
be reached by opening the bowel and slitting open the papilla itself. 
The first of these methods is much to be preferred, since it involves 
the fewest technical difficulties and the fewest opportunities for 
secondary complications. Fortunately, most calculi can be removed by 
that route, with the aid of manipulation to press them up into the 
operative field or of scoops which engage them. 

Every surgeon is keenly aware of the impossibility of being 
absolutely sure that calculi have not escaped any method of detection, or 
that small fragments and detritus do not remain in the duct to form 
the core of future concretions. It is notorious that the retroduodenal 
portion of the duct is extremely difficult to palpate with accuracy, both 
on account of its position, and because the somewhat lumpy, uneven 
consistency of the pancreas, in whose substance the duct is enfolded, 


*From the General Surgical Service, Peter Bent Brigham Hospital, Boston. 
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makes the identification of a small concretion uncertain. This difficulty 
is enhanced, of course, in the numerous instances in which a degree of 
chronic pancreatitis is present. As a calculus of any size must almost 
inevitably block the passage of an instrument through the duct and its 
papilla into the duodenum, the failure of such an instrument to pass 
must be construed as probably being due to the presence of a con- 
cretion, unless it can be shown to be caused by stricture or by the 
catching of its tip in a fold or diverticulum. 

The first step, then, in proving that all stones have been removed 
from the duct should be the demonstration of its patency by the 
passage of a suitable instrument from an incision in the supraduodenal 
portion of the duct downward through the papilla into the duodenum. 
This has usually been attempted with a rigid metal probe or sound. 
Too often the surgeon is satisfied to pass this down for a distance 
corresponding to the estimated length of the duct and to assume that 
its tip must have entered the bowel. Normal variations in the length 
of the duct, the elasticity of the tissues which enables the tip of the 
sound to become engaged in the ampulla and to push its wall along 
for some distance, the possibility of the instrument making a false 
passage in the duodenal wall or periduodenal tissues, all combine to 
make such an assumption fallacious. It cannot be insisted too strongly 
that the only certain criterion of the successful passage of an exploring 
instrument through the duct into the bowel is the use of a hollow 


instrument and the injection of fluid which passes freely into the viscus 
and does not flow back around the instrument and appear at the 
incision in the bile duct. 


DILATATION OF THE PAPILLA 


Since, as noted, the most meticulous care sometimes fails to clear 
the duct of all debris, especially if one or more larger calculi have been 
somewhat fragmented by exploring scoops, the surgeon at once thinks 
of the expediency of dilating the opening of the papilla in order that 
the fragments may subsequently be washed down into the duodenum, 
either at the time of operation by the irrigating fluid or later by the 
current of bile itself. Such a procedure at once involves a considera- 
tion of the function of the sphincter and of the question as to whether 
or not such dilatation may do harm as well as good. 

It is clear that nature did not intend that the contents of the 
duodenum should enter the bile passages lest harm might result in at 
least two ways: (1) from infection and (2) from chemical or fermen- 
tative irritation. Normally, the bacterial flora of the small intestine 
does not have its habitat at so high a level, but it is well known that the 
colon bacillus and other pyogenic organisms are sometimes recovered 
from the duodenum, and it is believed that a few at least of the 
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instances of cholangeitis are caused by infection from this source, 
although the majority doubtless may be due to infection from the blood 
or lymph stream through the mediation of the gallbladder. The fer- 
ments of the pancreatic juice are relatively harmless as they flow into 
the ampulla of Vater, but after passing through the papilla they are 
at once activated by the duodenal contents and secretions and become 
intensely proteolytic and capable of digesting and destroying tissues, 
so that if they reenter the duct, or if they become activated by the 
entrance of duodenal contents into the ampulla, they may have a harm- 
ful action on tissues unprovided with natural defenses against them, 
causing a serious complication, instances of which will be given later. 
Moreover, the physical structure of the papilla itself is apparently 
designed to prevent regurgitation into the duct. Its lumen is extremely 
narrow and passes through a small conical elevation in the wall of 
the bowel, composed in part of smooth muscle fibers the sphincteric 
action of which was first described by Oddi, and which apparently 
effectively close the orifice except when the muscle tonus is inhibited 
or overcome to permit of the passage of bile and pancreatic juice. 
Since Courvoisier' performed the first choledochotomy in 1889, 
and McBurney,’ the first transduodenal operation on the duct in 1894, 
surgeons have gradually brought to greater perfection the methods of 
exploration of the bile passages. The use of simple probes to demon- 
strate the calculus by impinging on it or to guide the externally pal- 
pating finger was succeeded by the employment of scoops and of 
irrigating instruments to facilitate its removal. There followed nat- 
urally the demonstration of patency of the papilla by the passage of 
sounds into the duodenum. Just when the purposeful dilatation of 
the papilla to permit evacuation of debris into the duodenum began 
is not clear. Robson,’ in 1906, advised the passage of a probe into 
the bowel to demonstrate the absence of calculi. McArthur * described 
the introduction of a rubber drainage tube downward into the duct 
and the passage of a small urethral catheter through the papilla, thereby 
supplying fluid and nourishment directly to the bowel. Matas® 
described essentially the same procedure and mentioned the dilating 


1. Courvoisier, quoted by Bevan, A. D.: The Present Status of the Surgery of 
the Bile Tract, Surg. Gynec. Obst. 27:49 (July) 1918. 

2. McBurney, quoted by Bevan (footnote 1). 

3. Robson, A. W. M.: Technique of Operations on the Biliary Passages, 
Surg. Gynec. Obst. 2:574, 1906. 

4. McArthur, L. L.: In discussion of paper by John E. Summers on Some 
Modifications of Technique in the Surgery of the Gall Bladder and Bile Ducts, 
Tr. Am. Surg. A. 39:347, 1911. 

5. Matas, Rudolph: Catheterization of the Common Duct as a Practical and 
Effective Upper Route for Enteroclysis Medication in Toxic Biliary Cases, Surg 
Gynec. Obst. 12:185, 1911. 
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of the passage with graduated catheters up to no. 30 F. Hofmeister * 
spoke of the impossibility of certainty on the part of the surgeon that 
some detritus did not remain in the duct and told of his adoption of 
methodical dilatation with urethral bougies as large as nos. 22 or 24 
or even 30 F., followed by the introduction downward of a rubber 
drainage tube which projected from 3 to 4 cm. into the duodenum, and 
fulfilled three objects: the maintaining of the dilatation of the papilla, 
the provision of a prophylactic enterostomy to empty the intestine and 
a means of the injecting of nutrition mixed with bile obtained from 
another common duct tube introduced upward. Pototschnig‘ discussed 
ideal choledochotomy and cited seven cases of removal of stones 
through a supraduodenal incision in the duct followed by progressive 
dilatation of the papilla to no. 24 F. with a Hegar urethral dilator 
followed by primary suture of the duct. Rost,* Haberer,® and Ender- 
len *® discussed the advantage of progressive dilatation of the papilla, 
establishing what they call “internal drainage” of the duct with a view 
to permitting primary suture of the incision into the duct and closure 
of the abdomen without drainage. 

With the German school, this dilatation for the establishment of 
“internal drainage” appears to be quite as much to avoid the occurrence 
of increased pressure of bile within the duct and consequent leakage 
of the sutured wound as it is to promote the escape of small calculi 
and detritus into the bowel. Some radical measures have been pro- 
posed and carried out with this object in view. Thus, Walzel”™ dis- 
cussed three procedures after supraduodenal choledochotomy to secure 
this result: first, transduodenal choledochotomy, laying open the 
papilla by incision and suturing the flaps to the duodenal wall; second, 
anastomosis of the divided dilated duct to the bowel, thus sidetracking 
the papilla, and, third, instrumental dilatation of the papilla through 
the supraduodenal wound. He concluded that the first two methods are 
too radical, and that the last is safe and effective. He cited twenty- 
five cases from von Eiselsberg’s clinic in which he carried out instru- 
mental dilatation with graduated sounds and a small Kollman’s urethral 


6. Hofmeister: Die methodische Dilatation der Papilla duodeni und die 
Choledochoduodenaldrainage, Zentralbl. f. Chir. 40:5, 1913; Beitrage zur Chirurgie 
des Choledochus, Miinchen med. Wchnschr. 50:225, 1913. 

7. Pototschnig, G.: Contributo alla chirurgia della litiasi biliare con particolare 
riguardo alla calcolosi del coledoco, Arch. ital. di Chir. 14:533, 1925. 

8. Rost: Ueber instrumentelle Erweiterung der Papilla vateri und Naht des 
Choledochus nach Choledochotomie, Zentralbl. f£. Chir. 54:20 (Jan. 1) 1927. 

9. Haberer, H.: Die chirurgische Behandlung des Gallensteinleidens, Deutsche 
Ztschr. f. Chir. 195:1, 1926. 

10. Enderlen, E.: Indikation und Ausfiihrung der Gallensteinoperation, Arch. 
f. klin. Chir. 126:264, 1923. 


11. Walzel, P.: Zur Therapie des Choledochussteines, Arch. f. klin, Chir. 
126:321, 1923. 
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dilator armed with a knife with which he was accustomed to dilate the 
papilla to no. 24F. In one instance, when death from gastric hemor- 
rhage had occurred five days after operation, it was found at autopsy 
that the opening still remained open. To this procedure he sometimes 
added intubation with a rubber tube projecting into the bowel. 
Lorenz,’* after stating the impossibilty of certainty on the part of the 
surgeon as to whether any method has adequately cleared the duct, 
and quoting the statement of Kehr that even with the best technic 
stones are overlooked in from 10 to 15 per cent of cases, advised as a 
routine the opening of the duodenum and the establishment of drain- 
age by slitting the papilla or making a separate opening through the 
mucous membrane into the duct above the papilla and suturing the 
edges of the flaps to the bowel wall to maintain patency. He mentioned 
as an additional advantage of the method the possibility of inspection 
of the opening of the duct of Wirsung, although he admitted that he 
never found a calculus there. He quoted sixty-three cases in which 
this method was used, with twelve deaths, a mortality of 19 per cent. 
It would seem that such a mortality is far more serious than the mor- 
bidity and possible ultimate mortality resulting from gallstones over- 
looked by less radical measures. Korte '* reviewed the progressive 
dilatation as practiced by Hofmeister and the more radical procedures 
of Lorenz, which he regarded as extreme and likely to lead to infection 
of the bile passages. Mayo,’* in contrast to the aforementioned more 
drastic procedures, advised that an opening should be made by gentle 
instrumentation through the papilla into the duodenum, sufficient to 
permit undetected stones to pass later. He stated that in nearly one 
third of the patients who died following operations on the common 
duct for stone, postmortem examination showed that all stones had not 
been removed. Desjardins ** described exploring instruments of known 
caliber, exactly like those for the urethra, flexible in order to follow 
the curves of the duct, and metallic in order to give a sound on 
meeting a calculus. He did not speak of actually passing his instru- 
ments into the duodenum or of dilating the papilla. Deaver ** spoke 
of graduated dilatation of the sphincter of the papilla in case it is 








12. Lorenz, H.: Ein weitere Beitrag zur Gallenwegchirurgie, Med. Klin. 26: 
669 (June 27) 1920. 

13. Kérte, W.: Wandlungen auf dem Gebiet der Gallensteinchirurgie, Zentralbl. 
f. Chir. 51:86, 1924. 

14. Mayo, W. J.: Surgery of the Hepatic and Common Bile Ducts, Lancet 
1:1299 (June 30) 1923. 

15. Desjardins, A.: L’Instrumentation dans la chirurgie biliaire, Presse méd. 
31:1059 (Dec. 19) 1923. 

16. Deaver, John B., and Burden, V. G.: Surgical Biliary Drainage, M. J..& 
Rec. 126:201, 1927; Recurrence of Gall Stones, Surg. Gynec. Obst. 25:371 
(Oct.) 1917. 
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strictured and said that most cases of “recurrent” stones after chole- 
cystectomy and choledochotomy have been in reality overlooked. He 
believed that after cholecystectomy there is probably a marked increase 
of intraductal pressure which persists for a week or longer until the 
sphincter of Oddi becomes incompetent. He inquired whether this 
might not account in some instances for postoperative vomiting. Many 
other authors mention less specifically various methods of instrumenta- 
tion of the bile ducts. 


METHOD OF DILATATION 


Since the opening of the Peter Bent Brigham Hospital in 1913 
(and less systematically at other clinics before that date), I have 
practiced bouginage and gradual dilatation of the lumen of the papilla 
of Vater, whenever possible, in every patient in whom the common 
duct was opened and explored. Observations had been made for some 
years on cadavers in the dissecting room of the Harvard Medical 
School which showed that the normal lumen of the papilla corresponded 
to no. 10 of the French scale, and that gradual and gentle dilatation 
could be carried out to no. 18 or no. 20 F. without laceration of the 
papilla. It was recognized that accurate comparison could not be made 
in this respect between dead and living tissues, but these observations 


formed a proper basis for developing a plan of procedure. The method 
at operation is as follows: 


The duct is exposed and the epiploic foramen freed of obstructing adhesions, 
if present, to permit palpation of the duct between the thumb and forefinger. 
Frequently, the duodenum is slightly mobilized to allow the retroduodenal portion 
to be examined in the same way, and to determine the condition of the head of 
the pancreas. The supraduodenal part of the duct is incised, and any calculi 
which are present are expelled by gentle manipulation. The duct is completely 
cleared so far as possible by the repeated passage of a small scoop first downward 
and then upward. A no. 10 F. woven silk elastic, olive-tipped urethral catheter, 
rendered flexible and soft by immersion in a warm bath is passed downward 
until its tip is felt to slip through the narrowed lumen of the papilla, and the 
fact of this complete passage is invariably confirmed by the injection of a sterile 
solution of sodium chloride which fails to flow back around the catheter if its 
fenestration has passed beyond the papilla. Occasionally several hundred cubic 
centimeters of fluid have been injected to combat dehydration, but this has not 
been considered important, and the tendency of the fluid to flow back after dila- 
tation has been completed may be embarrassing. The no. 10 instrument is followed 
in turn by nos. 12, 14 and 16 and, in certain cases, by nos. 18 and 20. If the 
lumen is found to have been dilated already by calculi to this extent, no further 
stretching is attempted. If the tip of the first catheter is obstructed apparently 
by a fold of mucous membrane in the dilated ampulla, a larger sized instrument 
may fail to get thus entangled and may pass. In two instances success has been 
attained by the method used in stricture of the urethra, that of allowing a small 
bougie to become entangled in the pocket and passing a second instrument beside 
the first. With the withdrawal of each catheter the duct is vigorously flushed out. 
The hepatic ducts are washed out in the same manner so far as is feasible; 
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the scoop is passed again and a final retrograde flushing made. A soft rubber 
drainage tube of suitable size is then passed upward into the duct and secured 
in place by a no. 00 chromic gut stitch which includes the slightest possible edge 
of the duct wall, and the rest of the incision in the duct is closely sutured around 
the catheter to prevent leakage. 


What danger may threaten from this routine dilatation of the 
papilla? Rost* recorded a fatal result: The patient had had a pre- 
vious choledochotomy, and five years later a stone was removed from 
the much dilated common duct. The lumen of the papilla was narrow, 
but could be gradually dilated to no. 6 Hegar. The duct was sutured 
and the abdominal wound drained. Death occurred in twenty-four 
hours. Autopsy showed much bile in the peritoneal cavity (none had 
appeared externally), acute hemorrhagic pancreatitis, edema of the 
papilla and of the surrounding tissues. Rost believed that the dilatation 
of the papilla did not make it more patulous but less so on account of 
the edema, and that the bile backed up, and under tension leaked into 
the peritoneal cavity and also into the pancreatic duct, causing acute 
pancreatitis. If this view is correct, it is a serious indictment of the 
method, but to me it seems more likely that there was instrumental 
injury to the duct of the pancreas and that the edema of the papilla was 
secondary to the acute pancreatitis. The mistake in attempting the 
“ideal” suture of the duct in such a case is evident. This fact, was 
admitted by Rost, who stated that he had given up the procedure. 
Haberer ® reported an instance in which he performed “bloodless dila- 
tation” of the papilla with a metal sound, no. 16, which passed without 
resistance into the duodenum. At autopsy, death was found to have 
been caused by peritonitis, due to the fact that the sound had been 
pushed through the wall of a thin diverticulum of the common duct 
and also tore the wall of the duodenum. It is apparent that if soft 
silk-web catheters had been used and the accuracy of the result con- 
firmed by the irrigation test, this accident would have been either 
avoided or detected. Lorenz,” in recording twelve deaths in sixty-three 
cases, did not state his views as to the exact responsibility, but it may 
be assumed that the three deaths from diffuse cholangeitis and the 
single death from peritonitis were related to the operative technic 
employed. Enderlen*® mentioned that Alapy, after severe dilatation, 
saw duodenal contents come out, and that it was probable that he had 
torn the duodenum. 

In the literature quoted, there is scarcely mention of the possibility 
of harm from the reflux of duodenal contents through the common bile 
duct. Davis ** made an important contribution to this topic, recording 
two personal experiences. 


17. Davis, Lincoln: Reflux of Duodenal Contents through the Common Bile 
Duct, New England J. Med. 200:313 (Feb. 14) 1929. 
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REPORT OF TWO CASES (DAVIS) 


Case 1—In a woman, aged 39, he removed the gallbladder containing calculi 
and drained a dilated common duct with a soft rubber catheter; no stones were 
found. Enormous quantities of bile-stained fluid drained from the wound, which 
broke down and was extensively digested. In spite of every expedient, the 
patient died on the seventeenth day, no autopsy being obtained. 

Case 2.—A second patient, a man aged 40, presented symptoms of stone in the 
common duct. At the first operation, the gallbladder was removed; two large 
soft stones were removed from the duct in fragments, a probe was passed down 
into the duodenum, the duct was washed out and a rubber tube sutured into it. 
The drainage was at first apparently pure bile, but on the tenth day it assumed 
the character of duodenal contents and digested the tissues of the wound. The 
amount of drainage was prodigious. The patient’s condition was precarious, but 
he finally recovered and was discharged. Six months later at a second operation, 
another calculus was removed from the duct, which was washed out and drained. 
Convalescence was uneventful, but two weeks after the patient had left the 
hospital, the wound reopened and discharged bile, and he became jaundiced. At 
a third operation, another soft stone was removed from the enormously dilated 
duct, and a no. 14 F. soft rubber catheter was passed through the papilla into 
the duodenum for 8 inches; the upper end was anchored in the wall of the duct. 
A larger catheter was passed upward and the duct sutured about it, the end 
being brought out of the wound. At the end of forty-eight hours, a profuse 
discharge began, and the wound broke down completely with signs of active 
digestion. The patient’s condition rapidly became alarming, but under heroic 
treatment, including the performance of a jejunostomy, transfusion and the main- 
tenance of a clean wound by constant suction, recovery finally ensued. The 
duodenal tube was passed by rectum about eight weeks afterward. 


Davis quotes Codman and Walters each as describing a case in 
which huge quantities of fluid drained out after instruments were 
passed through the duct and papilla into the duodenum, but in each 
case there was no autodigestion, and recovery was uneventful. Cod- 
man felt that in his patient there was obstruction of the third part of 
the duodenum by the root of the mesentery, causing intraduodenal 
backpressure which made fluid pass into the patent opening of the 
papilla. Davis cites three instances in which roentgenologists visual- 
ized the common, and some of the hepatic, ducts by the passage of 
barium sulphate through the papilla from the duodenum, without ill 
results. His conclusion is that the patency of the papilla should be 
determined with the greatest care and “undue dilatation scrupulously 
avoided.” 


COMMENT 


If the escape of duodenal contents with their active digestive fer- 
ments were a common incident after exploration of the common duct, 
this operation would approximate the great mortality in cases of duo- 
denal fistula. As a matter of fact, a fairly comprehensive search of the 
literature, as noted, revealed only four cases of such reflux, one of 
which was fatal. Fatalities attributable to progressive dilatation of 
the lumen of the papilla of Vater in the course of operations on the 
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bile passages appear to be few, and to be due to gross and avoidable 
errors in technic. In further confirmation, I quote my own experi- 
ence: In the course of 300 operations on the biliary tract, I have per- 
formed bouginage, usually with progressive dilatation, approximately 
fifty times. In no case has reflux of duodenal contents been noted. 
Among these fifty cases four deaths have occurred as follows: one 
(C. S.) from pulmonary embolism, one (C. F. J.) from uremia, one 
(J. F. S.) from myocardial failure and one (M. B. R.) from acute 
yellow atrophy of the liver. In none of these cases was the particular 
operative technic in any way responsible for the fatal issue. In the 
whole series of 300 operations there have been six deaths. 

Another advantage of the method of exploration of the common 
duct advocated is the ease of practicing retrograde irrigation to dis- 
lodge calculi and debris from the ampulla of Vater and float them up 
to the incision in the supraduodenal portion of the duct. The olive- 
tipped elastic catheter, usually no. 10 or no. 12 F., is passed downward 
through the papilla, as is demonstrated by the failure of the injected 
fluid to regurgitate and by the obvious filling of the duodenum. While 
the injection is continued, the catheter is slowly withdrawn until fluid 
flows out of the incision into the common duct, which indicates that the 
fenestration of the catheter lies just within the papilla in the most dis- 
tal part of the ampulla and necessarily beyond any calculi or fragments. 
At this point the injection is stopped, the syringe refilled, and then a 
much more forcible injection made and continued while the catheter is 
rapidly and completely withdrawn. The resulting reflux almost 
inevitably will float up calculi to the incision in the duct where they 
may be seized or scooped out. The procedure may be repeated until 
the operator is satisfied. A suction nozzle placed in the deepest part 
of the subhepatic fossa against the walling-off gauze is useful in aspi- 
rating the irrigation fluid. The operation is finished by directing a soft 
rubber tube upward in the common duct and securing it by a fine catgut 
stitch, which also closes the incision in the duct around it. 

It is not intended to claim either originality or priority for these 
measures to relieve patients with common duct lithiasis. They are so 
rational and logical that any resourceful surgeon would be likely to 
conceive of and practice them; no doubt many surgeons have done so. 
It is a fact, nevertheless, that I have never happened to see all the 
successive steps in this method carried out elsewhere, and therefore I 
believe that it is worth while to recommend it as worthy of adoption 
as a routine measure unless some contraindication exists. As has been 
shown, the procedure appears to be attended by little risk, and its. 
efficacy is attested by the fact that in the routine follow-up work of 
the Peter Bent Brigham Hospital, no instance of “recurrent” calculi is. 
recorded among the patients that I have treated in this manner, 


although they may have occurred and the patients have gone elsewhere: 
for relief. 
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THE GROUPING AND TREATMENT OF ACUTE 
CEREBRAL TRAUMAS * 


CHARLES BAGLEY, Jr. 


In this paper I have made an effort to classify, according to clinical 
and postmortem observations, the large group of patients with lesions 
commonly spoken of as “fractured skulls.” The early classifications 
were based chiefly on the type of bone lesion; the later studies were 
concerned chiefly with the degree of increased intracranial pressure. 
During recent years, the classification on the first basis has fallen into 
disuse in favor of that based on the degree of pressure and the accom- 
panying neurologic symptoms. Dowman,’ in classifying the cases, made 
use of both methods, and called attention to the importance of classify- 
ing the cases before determining the type of treatment. 


Postmortem and experimental laboratory observations offer a basis 
for a classification which makes the determination of the type of treat- 
ment easier. My observations permit of a division into seven groups, 
the first two of which are designated according to the skull injury. 
The remaining groups are outlined according to the amount and loca- 
tion of blood within the cranial cavity. 


Group 1: Simple depressed fractures 
Group II: Compound fractures, with or without depression 
Group III: Extradural hemorrhage 
Group IV: Blood overlying the cortex 
Group V: Cortical injuries 
(a) Cortical lacerations 
(b) Diffuse superficial extravasations 
(c) Single or multiple cortical clots 
Group VI: Extravasations in the vein of Galen system 
Group VII: Hemorrhage in the brain stem 


The various groups have been found singly, but more than one type 
of lesion may be present in severely injured patients. For example, the 
classic middle meningeal hemorrhage may be associated with hemor- 
rhage over the cortex due to a tear in the dura or to another lesion 
beneath an intact dura. Cases of simple injuries such as scalp lacera- 
tions and concussion are omitted, as these will fall, if the condition is 
complicated, into one of the foregoing groups. 


*From the Neurological Laboratory of the Henry Phipps Psychiatric Clinic, 
Johns Hopkins University. 


1. Dowman, Charles E.: Head Injuries, J. A. M. A. 79:2212 (Dec. 30) 1922. 
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GROUP I: SIMPLE DEPRESSED FRACTURES 


The symptoms in this type of fracture vary greatly from those of 
slight concussion to severe compression, dependent on the degree of 
depression of the bone, the extent of brain injury beneath and the loca- 
tion of the depression. If the dura mater does not give way, the brain 
may be protected and extensive injury prevented, even if the fracture is 
severe. In other cases the force of the blow, usually from a blunt 
object, may entirely separate a portion of the skull, driving it through 
the dura into the cortex, causing bleeding which is apt to be serious if 
the break is in the region of one of the dural sinuses. 

The common symptoms in the most simple depressions are those 
due to concussion plus a local headache and the signs of depression as 
determined by inspection, palpation and the roentgen examination. The 
surgical handling of these patients is important because though possibly 
only slightly injured, they must be subjected to operation for the pur- 
pose of investigating the brain injury, of relieving the cortex of the 
local pressure and of restoring a complete bony covering. 

Elevation and replacement of the fragments as soon as the patient 
recovers from the immediate effect of the blow is the procedure of 
choice. This can best be accomplished through a curved incision skirt- 
ing the rim of the defect, turning back a flap with the fragments attached 
to the under surface. If some of the fragments are found to have been 
separated from the pericranium, they should be replaced if possible 
beneath the flap. After elevation of the fragments the extent of the 
damage to the dura and cortex and the presence of blood must be 
determined. In many of the simple cases with the dura intact in which 
there is no evidence of underlying blood, incision of the dura is unneces- 
sary. Others may require a small incision of the dura or the dura may 
be turned back in the form of a flap so that the injured cortex may be 
freed of extravasated blood. If this exploration reveals an increase 
of intracranial pressure and serious injury of the cortex sufficient to 
Tequire decompression and drainage, this procedure had best be done 
separately through the subtemporal route where the defect can be 
adequately covered by temporal muscle. 

Because of the absence of severe symptoms simple depressions may 
be overlooked until serious secondary symptoms ranging from headache 
to convulsive seizures occur. Swelling of the scalp or perhaps a small 
laceration may be the only local evidence of injury. This may persist 

for several days during which time the patient is discharged only to 
appear later with an evident depression and serious neurologic dis- 
turbances. 

I had a good opportunity several months ago to examine the cortex 
in one of these unfortunate persons. 





The patient presented an inter- 
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esting problem because of the vague symptoms due to secondary cortical 
changes. The symptoms were much the same as those observed late in 
patients not having a depression of bone and frequently attributed to 
neurosis.” The patient was entirely incapacitated because of headache, 
dizziness, poor memory and a sense of numbness in the opposite arm. 
The presence of the depression, however, left no doubt in the minds of 
the insurance company or the physician as to the genuineness of the 
complaints, and the patient was sent in for operation. Elevation of the 
fragment at this late date, eleven months after the accident, was impos- 
sible, and yet it was very important not to leave this man with a 
depressed skull defect over the motor area. A small flap skirting the 
rim of the depressed area was carried through the periosteum, and with 
a thin chisel a plate of bone was removed with the flap. The remaining 
bony mass filling the defect was sacrificed and the flap replaced in the 
fashion of a bone graft. This, however, offered little relief from 
symptoms which were due to cortical changes. The incision, therefore, 
was extended downward into the temporal region and the usual sub- 
temporal decompression done. When the dura was opened, the pia- 
arachnoid was thickened, and held firmly to the dura with adhesion in 
several places. Drains were placed beneath the dura, and there was 
free drainage of cerebrospinal fluid for several days. There was gradual 
improvement of symptoms over a period of seven months, and the man 
returned to work. 

The symptoms in this case were due, no doubt, to a slight cortical 
injury with a small amount of blood overlying the adjacent cortex, the 
blood being more responsible for the anatomic and physiologic dis- 
turbance than the bone depression; for, as shown at operation, the 
meningeal changes extended well beyond the area of depression. 


These meningeal changes with disturbance of cortical circulation 
producing vague symptoms may occur in trauma with associated cor- 
tical bleeding even without linear fractures. In another patient struck 
over the same region by a hammer, the early and late symptoms were 
much the same with complete incapacity to work after many months, 
due no doubt to a small amount of blood overlying the cortex followed 
by late meningeal and cortical changes. The absence of objective signs 
in this case created doubt as to the genuineness of this man’s complaint, 
and the attitude of the insurance company in the two cases was entirely 
different, based, of course, in each case on the presence and absence of 
fracture. 


2. Discussion of the late mental condition following trauma is not within the 
scope of this paper. This subject was discussed by Dr. Adolf Meyer. (The 
Anatomical Facts and Clinical Varieties of Traumatic Insanity, Am. J. Insan. 60: 
373, 1904.) 
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GROUP I1: COMPOUND FRACTURES, WITH OR WITHOUT 
DEPRESSION 


In this group are included the patients with evident lesions of vary- 
ing severity dependent largely on the amount of destruction of cerebral 
tissue and the extent of bleeding. The diagnosis is simple; early treat- 
ment is important for the relief from pressure due to bone fragments or 
blood clot and for the prevention of infection. 


Case 1.—Compound depressed fracture, left frontal region. Immediate loss of 
consciousness with signs of increased intracranial pressure which rapidly cleared 
up after operation. 

H. R., aged 13 years, was admitted to the hospital after having been kicked in 
the left frontal region by a horse. On admission, there was free bleeding from 
the nose and projectile vomiting. The pulse rate was 53 per minute. In the left 
supra-orbital region there was a deep gash beneath which was seen depressed 
fragments of bone, blood clot and a small amount of brain tissue. Immediate 
operation consisted in raising the bone fragments, removing the blood clot and 
devitalized brain tissue, and repairing a small rent in the dura. At the completion 
of the operation, the pulse rate was 93 per minute. Consciousness returned 
promptly, and the wound healed per primam. Ten years have elapsed since the 
injury, and there has been no neurologic disturbance. 


Serious early symptoms such as occurred in case 1 may lead to an 
early operation with complete restoration of function. On the contrary, 
the absence of early symptoms may result in delay with the onset of 
secondary symptoms as shown in case 2, in which the operation was 
delayed until the third day. 


Case 2.—Depressed fracture in the right frontoparictal region by falling tim- 
ber. Scalp wound on admission. Little attention paid to depression until the third 
day when there was paralysis of the opposite side of the body. Operation on the 
third day revealed a large amount of soft brain mixed with blood clot. Recovery 
of function. Epileptic seizures one year later. 

H. P., a married man, aged 54, was admitted to the hospital with the history 
of having been hit on the top of the head by a piece of timber which fell from a 
height of several feet. On admission, he was entirely conscious and answered 
questions intelligently. There was a large laceration of the scalp to the right of 
the midline extending into the parietal region. Beneath this, the bone was 
depressed. There was slight nausea and vomiting and some pain at the site of the 
lesion. The pulse rate and blood pressure were not disturbed, and little concern 
was felt for the patient until the gradually increasing paralysis of the left side 
progressed to a complete hemiplegia on the third day. Operation showed a large 
depressed fragment in the precentral area just in front of the motor cortex. 
When this was removed, there was a large amount of devitalized brain and blood 
clot which was removed by means of a catheter and syringe as described by 
Dr. Cushing. Because of the late operation and the probability of infection, the 
detached bone fragment was not replaced and a depressed skull defect resulted. 


3. Cushing, Harvey: Notes on Penetrating Wounds of the Brain, Brit. M. J. 
1:221 (Feb. 23) 1918. 
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Following the operation, there was prompt improvement in the motor symptoms 
of the opposite side of the body. Five days after operation, the patient was able 
to raise the left arm over his head and to move the left leg. This prompt return 
led to the belief that the paralysis was due to edema posterior to the area of 
destruction in the brain rather than to active destruction of the motor cortex. 
When the patient was discharged from the hospital twenty-four days after opera- 
tion, there was practically full return of muscle power. During the months fol- 
lowing, he had some headache and dizziness, but returned to work seven months 
after the injury. He had a severe dizzy spell eight months after the injury and a 
general convulsion exactly one year after. The seizures were very troublesome 
and interfered with his work as foreman in construction work. 


The delay in operation certainly caused an increase in the amount 
of brain destruction, and prevented the restoration of the bony cover- 
ing, both of which factors perhaps increased the likelihood of post- 
traumatic epilepsy. 

Even prompt operation may be of no avail in cases in which there is 
extensive destruction of brain tissue. In spite of early operation, these 
patients frequently have very rapid pulse and respiratory rates and ele- 
vation of temperature, and succumb within the first few days. In one 
of my patients in whom there was a large depressed fracture extending 
from the frontal into the parietal and occipital regions, thorough sur- 
face cleansing with control of superficial bleeding was undertaken imme- 
diately on admission ; the following afternoon, the bone fragments were 
removed and the cortex freed of blood clot. The patient never regained 
consciousness and was very restless ; his temperature gradually increased 
to 104 F., and the pulse and respiratory rates also increased until the 
fourth day, when he died. 

In the remaining five groups the classification is based on the pres- 
ence of blood within the cranium beginning with the most superficial 
hemorrhages in group 1 and taken in order from this to hemorrhage 
within the brain stem. 


GROUP III: EXTRADURAL HEMORRHAGE 


In all fractures of the skull there is, no doubt, some blood between 
the inner surface of the skull and the dura, but this is rarely of any 
consequence unless the middle meningeal artery or one of its large 
branches is torn. This lesion is usually associated with a fracture, not 
necessarily a large one, through the temporal bone crossing the course 
of the artery at a point where it is partly or entirely encased within the 
bone. The symptoms such as headache, vomiting, slowing of the pulse 
and respiratory rates, gradually increasing stupor, dilatation of the pupil 
on the side of the lesion, and late in the course, irritation, and still later, 
paralysis of the opposite side of the body, are due to the increase 
of general and local intracranial pressure. The original trauma is 
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generally not a severe one, and there is usually a latent period between 
the signs of concussion and compression—this period usually lasts 
from two to three hours, varying, of course, with the rapidity of the 
bleeding from the torn vessel. The early recovery from concussion 
gives one the impression that the injury is not a serious one, which 
impression has resulted in a fatality in many cases, the late symptoms 
going unrecognized until the onset of signs of severe compression. 

As the condition cannot be recognized until the clot is of sufficient 
size to produce symptoms, extreme care must be exercised in cases of 
apparently slight injury, especially in the temporal or lower frontal 
regions, so that the first symptoms of compression will not be over- 
looked. Failure to recognize the symptoms will almost certainly mean 
a fatality, while prompt intervention early in the course of the symp- 
toms is usually followed by prompt and complete recovery. In spite of 
frequent warnings, great embarrassment has been caused by the over- 
looking of this type of injury, and in my own experience, two men have 
been tried for murder because of an attack on persons who died later 
of unrecognized extradural hemorrhages. In one case, a soldier on 
guard duty at 4:30 in the afternoon rushed another soldier, striking 
his head against the wall of a room. As there were no symptoms at 
the time, the soldier completed his turn of duty and at 6 o’clock, when 
he was relieved, made no complaint. He was found unconscious in his 
quarters three hours later, and died five and one-half hours after the 
blow. At necropsy, a large extradural clot was found. The man who 
had attacked him was tried and sentenced to serve one year in the mili- 
tary prison. 

In another man, case 3, the symptoms were thought to be due to 
intoxication, and operation was delayed until twenty-two and one-half 
hours after the onset. Figures 1 and 2 are photographs of the brain 
of this patient; the lateral view of the brain with the overlying dura 
shows the area which was covered by a large clot and also the site of 
the tear in the middle meningeal artery. The fracture at this point was 
a small stellate one without depression, the most anterior portion of 
which reached the meningeal artery tearing the vessel. The dorsal view 
shows the extent of compression of the hemisphere’ even after the 
removal of the clot. 


Case 3.—Trauma, right temporal region at 2:30 a. m. Dazed for a few 
minutes but immediately afterwards drove his car home and retired as usual, even 
arranging his clothing. At 6 a. m. was restless and noisy. Gradual increase of 
symptoms. Operation at 1 a. m. the following morning. Death at 5 a. m. 

L. L., a married man, aged 38, was admitted to the hospital twenty-two and 
one-half hours after receiving a blow on the left side of the face which felled him. 
During the fall, he probably struck the right temporal region on the carpeted 
floor. After getting to his feet, he was dazed for a few minutes but walked the 
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short distance to his car, discussing the incident with a friend and the man who 
had struck him. ‘As every one believed he was not hurt, the matter was treated 
lightly ; he drove home, a distance of 1 mile, and retired at 3 a. m., after arrang- 
ing his clothes as usual. Three hours later his wife, in an adjoining room, was 
awakened by the patient’s loud breathing; she found him very restless and 
attributed his condition to alcohol. Five hours after the injury he was entirely 
unconscious, and there was twitching of the muscles of the left side of the body; 
the wife again thought this was due to alcohol. She did not call a physician for 
several hours, the physician arriving ten hours after the injury. The restlessness 
had ceased, and the patient was in coma which was interpreted as improvement ; 
the seriousness of the condition was not recognized until six hours later, at which 




















| 


Fig. 1 (case 3).—Showing the type of hemorrhage found in patients included in 
group III. The lateral surface of the blood-stained dura shows the extent of an 


extradural clot; at A there is a rent in the middle meningeal artery, the clot extend- 
ing backward from this point. 





time he was sent to a hospital 100 miles away. On admission, he was unconscious ; 
his temperature was 101 F., the pulse rate 128 per minute, and the breathing was 
labored, noisy and rapid. There was spastic paralysis of the left side of the body; 
the patient was rigid throughout and had a positive Babinski sign and ankle clonus 
on both sides. The pulse rate, in addition to being very fast, was irregular, and 
there was cyanosis. He was immediately taken to the operating room, and a right 
subtemporal decompression was done. A small fracture was found in the squamous 
portion of the bone, underneath which was a large blood clot, the extent of which 
is shown in figure 1. There was a small rent in the dura, and through this one 
could see that there was no bleeding beneath the dura. After removal of the clot, 
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the brain did not expand (fig. 2) and the dura remained depressed. The blood clot 
was firm and dark, and there evidently had been no bleeding for some hours. The 
symptoms were not improved, and the patient had two convulsions and died at 
5 a. m.—twenty-six and one-half hours after the injury. 


This fatality was obviously due to the long delay, resulting in seri- 
ous compression of the medulla which had superseded the early symp- 
toms of increased intracranial pressure. 





Fig. 2 (case 3).—A dorsal view of the brain shown in figure 1. The marked 
depression of the cortex has persisted even though the overlying blood clot was 
removed three hours before death. 


Case 4 illustrates two important points: first, the association of 
intradural with extradural hemorrhage, and second, the danger of 
lumbar puncture in cases of extradural hemorrhages. 


Case 4.—Admitted in a somewhat dazed condition immediately after a fall 
from a horse. Restless and disoriented five hours later. Marked increase of 
symptoms after lumbar puncture. Operation. Recovery. 

E. L., aged 36, a schoolteacher, was admitted to the hospital with evidence of 
slight concussion within thirty minutes after falling from a horse. There was 


sede 


Sener onto EY Ramee ae mene ne eS Ee Dee 


cost 


BART LL CITI 












MELT PS FO SION” ATELY 


gO EWP RDU OO TES 


<A A ABATE Cie M 








1086 ARCHIVES OF SURGERY 


bleeding from the right external auditory canal and contusion of the scalp above 
the right ear. The temperature was 98 F., the pulse rate 92 per minute and the 
blood pressure 104 systolic and 70 diastolic. Restlessness commenced two hours 
later and progressed steadily until five hours after the injury when the patient 
was entirely disoriented, extremely restless, and the pulse rate was 60 per minute. 


A diagnostic lumbar puncture was done, and very bloody cerebrospinal fluid was 
found. ' 


Immediately following the lumbar puncture, however, there was marked increase 
in the symptoms with paralysis of the opposite side of the body and slowing of the 
pulse—a condition no doubt due to an increase in the amount of extradural bleeding 
as a result of lowered intracranial pressure. A right subtemporal decompression, 
six and one-half hours after the injury, showed a large amount of bright blood 
over the dura which was separated from the skull over a large area. 

Control of the blood from the torn branches of the middle meningeal artery 
was simple enough, but the active bleeding from the denuded skull and dura was 
difficult to control, and transfusion was necessary. Unlike case 2, the brain lifted 
the dura against the skull, and bleeding was fairly well controlled. Because of the 
bloody cerebrospinal fluid, the dura was opened and a protective drain placed into 
the subdural space. The wound was closed. There was a severe reaction follow- 
ing the operation, the temperature rising to 104 F., and the pulse became very rapid. 
Within twelve hours, however, the patient was conscious, and the condition 
improved steadily until she was discharged from the hospital eighteen days after 
the operation. She resumed a part of her school work four weeks after the 
accident, and has remained well. 


GROUP IV: BLOOD OVERLYING THE CORTEX 


This is the most important of all groups because the greater number 
of cases fall into it and because of the importance of accurate diagnosis, 
so that one can determine the method of treatment, which varies 
according to the amount and distribution of blood and the time elapsing 
between the accident and the treatment. 

Immediately after the accident, it is important to determine whether 
a clot is being formed or whether the blood is more or less evenly dis- 
tributed throughout the cerebrospinal fluid space. The degree of rich- 
ness of blood and cerebrospinal fluid has an important bearing on the 
symptomatology. If the blood is poured out in sufficient quantity over 
a short period, the major portion of it will accumulate and form a 
localized clot. In addition to the clot, however, some fluid escapes into 
the subarachnoid space, giving it a mixed symptomatology which makes 
the diagnosis of a clot difficult, especially in the absence of focal 
symptoms. Patients in this group present a grave appearance, with 
rapid, noisy breathing, low blood pressure and a pulse rate varying 
according to the predominance of the blood clot or free fluid. It is 
often difficult to determine whether immediate operation will stay the 
course, which is progressively downward. In general, it may be said 
that the patient will be benefited by the evacuation of a clot, preferably 
after the first six or twelve hours, but the course will be unfavorably 
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influenced if early operation is undertaken in the absence of a clot; 
e.g., where there is almost pure blood over the entire brain. If operation 
is performed in the early stage, the procedure in all probability 
encourages additional bleeding, and little can be accomplished in the 
drainage of pure blood. On the contrary, large quantities of richly mixed 
blood and cerebrospinal fluid will drain through a small rubber tissue 
wick. It is probable that the mixing of the blood and cerebrospinal fluid 
is responsible for the improvement following what may be called late 
drainage, from twenty-four to forty-eight hours after the injury, 
whether by lumbar puncture or craniotomy. Another factor in favor of 
late operation is the recovery from concussion, the adjustment of the 
brain to the altered conditions within the cranium and the lessening of 
general shock. 


Early operation (i.e., within the first few hours) is, therefore, to be 
discouraged unless the signs, increased intracranial pressure and focal 
disturbance such as paralysis indicate that a clot is being formed. In 
some of the cases in which there is early evidence of a clot, immediate 
operation may be justified ; especially is this true if the condition seems 
grave, indicating a fatal outcome. Immediate procedures in desperate 
cases are successful when the evacuation of an overlying cortical clot is 
possible, or when the blood is thoroughly mixed with cerebrospinal fluid. 
In the former condition, the opening in the skull must be made imme- 
diately over the clot, as a decompression not at the site of the lesion will 
obviously do harm; in the latter condition, the difficulty is due to an 
excess of fluid in the subarachnoid space, and the usual decompression 
and drainage suffices. 


The former condition is well illustrated in the following case. 


Case 5.—Admitted to hospital unconscious one hour after injury. Left hemi- 
plegia. Immediate operation. Blood clot located over right hemisphere. Recovery. 

E. R., a man, aged 52, was admitted to the hospital one hour after being thrown 
from an automobile. His temperature on admission was 99.5 F., the pulse rate 80, 
and the respirations 24 per minute. The pulse was full and bounding, and the 
respirations labored and noisy. Immediately after the accident it was noted that 
though the right arm and leg were active, there was no motion in the left 
extremities. This condition also existed when he reached the hospital. It was 
concluded that there was a large hemorrhage over the right hemisphere, with free 
blood in the subarachnoid space. The condition seemed very grave. Immediate 
operation revealed a large amount of soft blood clot over the right hemisphere. 
This was removed, and richly mixed bloody cerebrospinal fluid flowed upward 
from the base. At the completion of the operation the pulse rate was 92; the 
respirations, 24 per minute, the temperature 102 F. and the blood pressure 165 
systolic and 95 diastolic. Two days after the operation, the temperature was 100 F., 
the pulse rate 90, the blood pressure 130 systolic and 65 diastolic. The patient was 
able to move the left arm and leg. He was very irrational in the beginning; this 
condition was troublesome and still had not entirely cleared up on discharge from 
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the hospital, seventeen days after operation. At the time this paper was written, 
six months after operation, the condition of the patient was satisfactory except 
that he was emotional and tired easily, so that he was able to carry on only a part 
of his former duties. 


This case is in sharp contrast to the type in which there is a slow 
bleeding over a hemisphere with definite signs of increased intracranial 
pressure with or without loss of consciousness. A characteristic case 
of this kind is seen in case 6. 


Case 6.—Knocked to street by an automobile. Dased when admitted. Slow 
pulse with severe headache. Operation on the third day revealed a small clot over- 
lying the cortex. Recovery. 

W. H. C., a man, aged 66, was admitted to the hospital in a dazed condition 
immediately after having been knocked down by an automobile. When he reached 
the hospital, perhaps thirty minutes after the accident, he was dull, disoriented 
and complained of very severe headache. There was bleeding from the right 
nostril, ecchymosis of the right eyelid and a small scalp laceration in the right 
temporal region. The pulse rate on admission was 60, and the blood pressure was 
148 systolic and 70 diastolic. The mental condition remained much the same dur- 
ing the first-two days, but the headache increased so that it caused the patient to 
cry out. The pulse rate averaged 50 per minute during the second day. Because 
of the scalp wound near the right meningeal artery and the gradually increasing 
headache and the drop in pulse rate, the diagnosis of clot in the right fronto- 
temporal region, possibly extradural, was made. A right subtemporal decompres- 
sion was done under local anesthesia, and a small fracture revealed in the 
temporal bone. There was no extradural bleeding, but a clot of moderate size over- 
lying the cortex, covering chiefly the temporal and part of the frontal lobe, was 
found. As the greater bulk of the clot was at the base, it is probable that the 
blood originated from a torn vessel or a small tear in the cortex at the tip of 
the temporal lobe. There was marked increase of intracranial pressure, and the 
dark clot was partially squeezed out when the dura was opened. Removal of the 
clot entirely relieved the tension. Drains were inserted, and the wound was closed 
in the usual manner. During the first few days after the operation, the patient 
continued to be irrational and complained of a great deal of headache. There was 
gradual improvement, however; on the ninth day the temperature, the pulse and 
respiration rates were normal, and the general condition was satisfactory. The 
patient was discharged from the hospital on the twenty-first day after admission. 


It is a matter of great importance to determine by clinical signs the 
presence of a clot of this sort and to undertake its removal as soon as 
the diagnosis can be made. As this clot was not sufficiently ‘large to 
produce complete stupor and the lowest average pulse rate was 50 per 
minute, a slow, tedious recovery without operation was perhaps pos- 
sible, in which case the clot would organize and no doubt produce late 
symptoms such as headache with a better chance of traumatic epilepsy. 
Figure 3 shows a portion of the dura with partially organized blood clot 
in a similar but more severely injured patient (case 12) in whose case 
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operation was not done and death occurred seven weeks after the injury.* 
Cases, therefore, in which there are rapidly forming blood clots, 
whether the clots are extradural or overlie the cortex, are extremely 
important in the early consideration of symptoms as prompt operation is 
necessary ; if, however, the clot is small with slowly increasing symptoms, 
care must be taken to avoid overlooking it, as it may produce only 
borderline acute symptoms but very serious late symptoms. 

Of even greater interest than the foregoing are cases in which the 
blood is thoroughly mixed with the cerebrospinal fluid. The explana- 
tion of a thorough mixture of blood and cerebrospinal fluid in one 





Fig. 3 (case 12).—The dura covering the parietal lobe of the brain shown in 
figure 7. Partially organized blood clot is seen on the under surface of the dura; 
the condition also existed in the middle and anterior fossae. 


case versus a local clot in another is to be found, no doubt, in the rate 
of bleeding dependent to a large extent on the amount of vascular injury. 
Patients with a slow diffusion of blood in the cerebrospinal fluid pre- 
sent a different appearance from those with a blood clot ; the symptoms 
vary greatly according to the richness of blood in the cerebrospinal 
mixture. If the mixture is very rich, immediate symptoms are pro- 
duced, while the late appearance of symptoms is characteristic in the 
case of thinly mixed fluid. 


4. Death, however, was not due directly to the head injury, but to a ruptured 
pelvic abscess which was overlooked because of the patient’s stupor. 
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The effect of blood in the cerebrospinal fluid was studied experi- 
mentally and the results of the experiments published in the ARCHIVES 
OF SURGERY, July, 1928.° Eighteen adult dogs and twenty-six puppies 
(five litters), all less than 10 days old, were given injections of whole 
blood taken from the longitudinal sinus of the pups and from the veins 
in the legs of adult dogs. Free mixture of the blood and cerebrospinal 
fluid was desired, and the blood was slowly injected into the cisterna 
magna or into the subarachnoid space over the cerebral hemisphere and, 
in a few instances, into the cerebral ventricles. The quantity injected 
varied from 0.5 to 5 cc. of blood. Immediately after the injection, the 
animals were spastic and recovered from the narcosis slowly. In the 
adult dogs, the injections were frequently followed by convulsive seiz- 
ures with frothing at the mouth. The injections were repeated in the 
dogs at intervals of a few days, and many of them died during the 
first few days of the course. They were hypersensitive and irritable, 
and the nutrition was poor. The most striking course was seen in the 
general behavior, diminished activity and poor development of the 
younger dogs, so that the pups which were given injections could easily 
be distinguished from the controls. Late in the course, when the pups 
were half grown, four of them died in status epilepticus. 

The conclusions following the study were as follows: 


Blood mixed with the cerebrospinal fluid of young and adult dogs produces 
neurologic disturbance varying from slight difference in behavior to severe con- 
vulsive seizures. Though some of the animals were severely affected by small 
quantities of blood mixed with the cerebrospinal fluid, others have survived more 
than a year, and are apparently normal. 

Following the introduction of blood into the cerebrospinal fluid, there begins a 
reaction of the parts of the meninges which have come in contact with the blood. 
The meningeal reaction tends to subside and may disappear as the blood disappears 
from the fluid. After several weeks, the cell elements are less numerous in the 
meninges, but a large amount of fibrous tissue is present. 

Late in the course of the meningeal reaction, changes in the structure of the 
cortex are observed. 

Moderate dilatation of the ventricle not infrequently occurs following the intro- 
duction of blood into the cerebrospinal fluid of young pups. The condition may 
occur in adult dogs, but with less frequency. 


The most important acute change is the meningeal reaction or 
the production of sterile meningitis, an illustration of which is shown 
in figure 4. 

In considering the symptomatology of patients of this group, one 
must not lose sight of the fact that the blood is mixed with cerebro- 
spinal fluid, a most important process from the standpoint of progress, 


5. Bagley, Charles, Jr.: Blood in the Cerebrospinal Fluid: Resultant Func- 


tional and Organic Alterations in the Central Nervous System, Arch. Surg. 17:18 
(July) 1928. 
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Fig. 4—A section taken from the base of an adult dog which received four 
injections of blood from 1 to 1.5 cc. in amount into the cisterna magna over a 
period of seventeen days. The animal was killed two days after the last injection. 
The meninges were thickened and the seat of active cell proliferation. 
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the mixture even though rich, producing a substance that can be drainec 
with improvement of symptoms in sharp contrast to the patient with 
pure blood throughout the subarachnoid space in which drainage is 
usually followed by a fatality. Experience has shown that the patient 
in this type of case does better if drainage is not attempted until some 
hours after the accident. There are several reasons why this delay is 
beneficial, but time for allowance of mixture of the blood and cere- 
brospinal fluid is no doubt an important one. After this mixture takes 
place, the immediate symptoms will depend, as in the dogs, on the amount 
of fluid in the subarachnoid space. The amount of bloody fluid may 
be of sufficient quantity to produce symptoms which must be differen- 
tiated from those due to blood clot. In general, the pulse and respiratory 
rates are quick, and the patient is irritable and restless rather than 
stupid. He may even be fully conscious. The type of headache com- 
plained of is different from that complained of when there is a clot, as 
it is more sharp and stabbing, and the vomiting associated with severe 
pressure is likely to be absent. In the severe case, early operation may 
be necessary to ward off a fatal issue. If, in spite of the lapse of 
séveral hours, when the patient should have recovered from an ordinary 
concussion syndrome, there is marked circulatory and respiratory 
embarrassment, a prompt decompression with drainage may be indicated. 
A patient of this type is seen in case 7. 


Case 7.—Admitted immediately after injury. Unconscious. Pulse rate, tem- 
perature and respiration rate not greatly disturbed. Fourteen hours after admis- 
sion breathing labored, deep cyanosis. Decompression and drainage. Recovery. 


P. J., a married man, aged 50, entered the hospital within an hour after falling 
in an aeroplane. There was bleeding from the right external auditory canal. There 
was a dislocation of the right cromioclavicular articulation and several superficial 
abrasions over the extremities. During the first twelve hours after admission, the 
pulse ranged from 96 to 104 per minute, the respirations from 24 to 30 and the 
temperature from 99 to 99.8 F. The breathing was very noisy, and there was no 
indication of returning consciousness. During the thirteenth hour after admission, 
the patient became very restless and the breathing more labored, with definite 
cyanosis. This increased during the fourteenth hour, when the cyanosis was 
marked and breathing very labored. The pulse rate was 130 per minute, and the 
respiratory rate varied from 10 to 30 per minute. It was evident that nothing 
was to be gained by further waiting, though any operative procedure offered little 
because of the severe cardiorespiratory upset. A right subtemporal decompression 
without anesthesia revealed a stellate fracture of the squamous portion of the 
temporal bone. When the dura was exposed, it was very tense, and when incised, 
a large amount of very bloody cerebrospinal fluid escaped. The tension was then 
entirely relieved, a rubber tissue drain inserted and the wound hurriedly closed. 
There was improvement in the respirations immediately after the evacuation of 
the bloody fluid, but the cyanosis remained, gradually clearing up over the next 
six hour period, when the patient showed some signs of consciousness. The blood 
pressure on admission was 140 systolic and 80 diastolic; immediately before the 
operation it was 120 systolic and 35 diastolic, and six hours after the operation, 
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Fig. 5 (case 10).—Reading from left, the tubes show the 


lumbar puncture forty hours, sixty-four hours, five days and nine days after the 
accident. 


fluid obtained on 
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130 systolic and 70 diastolic. During the first four days after operation, there was 
marked improvement; the patient was almost fully conscious and fairly well 
oriented. 

Five days after the operation, there was extreme restlessness, slight elevation 
oi temperature, of pulse and respiration rates, and rales were heard at the base of 
the left lung. On the following day there was consolidation of the base of the left 
lung, and the temperature rose to 101 F. by axilla, the pulse rate to 100, and 
respirations to 34. Restlessness at this time was very troublesome. There had 
been very free drainage of cerebrospinal fluid, the bloody content of which had 
gradually diminished until it was now only slightly yellow and the drains were 
removed. On the following day, the temperature was 102.6 F. by axilla. From 
this time the problem was chiefly a medical one, the pneumonia a few days later 
involving the right lung. The temperature did not return to normal until the 
thirty-fourth day. During this period, the restlessness was very troublesome, the 
patient being entirely disoriented even until the date of discharge forty-three days 
after the accident. There was gradual improvement in the condition until two and 
one half months after the accident, when the patient resumed light duty. 


The source of the blood is of little consequence, the symptoms vary- 
ing according to the amount rather than to the place of bleeding. Frac- 
tures of the base are serious lesions because these patients have a large 
amount of blood in the cerebrospinal fluid or perhaps pure blood through- 
out the subarachnoid space. The mortality rate in this type of case 
in the first few hours following the accident is high, but if the patient 
survives the first twenty-four hour period, a diagnostic puncture will 
frequently show that mixture of the blood and cerebrospinal fluid is 
taking place. In this early period, the mixture will be red, and some 
slight improvement of the symptoms may follow even though only a 
small amount of fluid be removed. The improvement usually lasts from 
twelve to twenty-four hours when another lumbar puncture is indicated. 
If improvement follows the second lumbar puncture, it is generally safe 
to conclude that the patient can be treated by means of repeated lumbar 
punctures. Three or four days after the accident, the fluid is no longer 
bright red but has a brownish tint rapidly passing to a deep, then faint 
yellow. The improvement of symptoms almost always follows the 
change in color of the fluid (fig. 5). 


If the diagnostic lumbar puncture shows thick blood, there is little 
likelihood of improvement after the puncture and further punctures are 
not advisable; one must then make a choice between a decompression 
and lumbar puncture at a later date, i.e., after the patient has accom- 
plished some mixing of the blood and cerebrospinal fluid, or trust to 
general treatment. 

At this point mention should be made of the general handling of all 
cases of serious cerebral trauma. General shock is a very serious con- 
dition and must be combated by the usual measures. One must avoid 
restraint such as strait-jackets, and use coal tar products and bromide 
rather than morphine for the control of restlessness and delirium. 
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Hypertonic salt solution has its place, but in general, the effect of free 
purgation following the administration by mouth of large doses of 
magnesium sulphate is more satisfactory. The position of the patient 
is important. If restlessness permits, the most favorable position is on 
the side with the head of the bed elevated and the patient’s head placed 
in a position which will allow mucus and saliva or blood and cerebro- 
spinal fluid to flow outward rather than into the pharynx. 


The following case illustrates the effectiveness of lumbar puncture. 


Case 8.—Injured by falling backward and striking occipital region. Evidence 
of severe concussion in first twelve hours with more serious symptoms in second 
twelve hour period. Lumbar puncture twenty-two hours after accident revealed 
very bloody cerebrospinal fluid; second puncture, twelve hours later, fluid less 
blood-tinged. Four lumbar punctures. Complete recovery. 

M. H., aged 5 years, was admitted to the hospital in a semiconscious condition 
after falling backward, ‘striking the occipital region on a concrete pavement. The 
patient vomited several times during the first few hours and complained of head- 
ache. On admission, the temperature was 99.4 F., the pulse rate 140 and the respi- 
rations 32 per minute. Examination revealed a large edematous area over the left 
occipitoparietal region. On the second day after admission, nausea was trouble- 
some, and there was severe headache; a lumbar puncture twenty-two hours after 
the accident revealed very richly mixed blood and cerebrospinal fluid. Following 
the puncture, the condition was slightly improved for ten hours, when the delirium 
was worse, and the child seemed to be suffering greatly. A lumbar puncture done 
twelve hours after the first one showed the fluid to be much clearer. The next 
day the child was more comfortable with improvement in the mental state, tempera- 
ture, pulse and respiration rates. On the fifth day, she complained of being chilly. 
The temperature at that time was 101 F. Examination of the chest revealed rales 
over both sides and the upset was attributed to bronchitis. On the seventh day, 
the temperature was again normal and she was more comfortable. On the ninth 
day, a lumbar puncture showed the fluid dark yellow tinged. There was still some 
headache and occasional vomiting, but ‘the mental condition was clear. From 
this day until the seventeenth day when she was discharged, there was a gradual 
improvement of symptoms, and further lumbar punctures were not done. The 
child was examined a month after discharge and found to be entirely normal. 


The next case illustrates what may happen in patients if the bloody 
cerebrospinal fluid is not removed by lumbar puncture or craniotomy. A 
section of the brain shown in figure 6 also shows the source of bleeding. 
The blood in this case escaped from a cortical vein torn at the site of 
its entrance into the dura near the longitudinal sinus and represents a 
common lesion following trauma. 


Case 9.—Small amount of blood in the cerebrospinal fluid following cerebral 
trauma, Death in status epilepticus on the third day. 

J. D., aged 6 months, was in excellent physical condition when left with a 
colored nurse. When the mother returned two hours later, the child was uncon- 
scious and the nurse did not give any indication of the cause. Twenty-four hours 
later the fontanel was tight, and there was a general convulsive seizure. Seizures 
occured at short intervals until collapse eighty hours after the onset, when the child 
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died. Lumbar puncture during the third day revealed bloody cerebrospinal fluid, 
and a long journey to the hospital was started. On arrival, twelve hours later, the 
child was in collapse and died within an hour. 

Necropsy showed a moderate amount of blood mixed with the cerebrospinal 
fluid and a small blood clot over the left frontal cortex where a vein had been 
torn from the dura (fig. 6). The pia-arachnoid was thickened’ and the veins 
moderately dilated. 


Early lumbar punctures in case 9 would have prevented or cer- 
tainly have lessened the severity of the convulsive seizures which were 
the cause of the fatality. 





Fig. 6 (case 9).—Illustrating group IV. A small clot is seen at A. The clot 
marks the source of blood which escaped into the cerebrospinal fluid, resulting in 
death on the third day after the accident. Death followed a forty-eight hour 
period of convulsive seizures. 


The following case illustrates the range of pressure and variation 
in color of the cerebrospinal fluid in a patient with mild symptoms. 


Case 10.—Admitted immediately after falling from a second story window. 
Dull but answered questions. The following day slight increase of stupor with 
quickening of the pulse rate. Bloody fluid on lumbar puncture. Recovery. 

K. G., a schoolboy, aged 11, was admitted to the hospital in a dazed state. 
According to the history, he had fallen from a second story window and was 
unconscious for a few minutes. Examination on admission showed a scalp lacera- 
tion 1.5 cm. in length over the occipital region. The pupils were contracted. 
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Blood pressure was 88 systolic and 46 diastolic, temperature 99 F. and the pulse 
rate 82. He vomited several times. During the first twenty-four hour perioc the 
pulse averaged 84 and the highest temperature was 100 F. The patient was dull 
but responded to questions. When examined forty hours after the accident, the 
stupor had increased, but the patient could be aroused. However, he did not 
cooperate in the examination. There was slight postcervical rigidity and a 
positive Kernig sign on both sides. Lumbar puncture at this time revealed a 
bright red cerebrospinal fluid of thin consistency; the cerebrospinal fluid pressure 
was 290 mm. of water. There was some improvement following this puncture. In 
order to free the subarachnoid space of bloody cerebrospinal fluid, a lumbar punc- 
ture was done twenty-four hours later. The pressure at this time was 240 mm. 
of water. A third puncture was done five days later, when the pressure was 
190 mm. of water. After an interval of four days, another puncture was done with 
a pressure reading of 180 mm. of water. A final puncture was done nineteen days 
after admission, and the spinal pressure was 155 mm. of water. Figure 5 shows the 
color of the fluid as obtained on the first four punctures. 


The early symptoms in the foregoing case were not severe but pro- 
gressive, so that if the patient had been allowed to go untreated for sev- 
eral days the symptoms would have become more serious. The patient 
in the following case had a mild early course, and at the end of a week 
presented symptoms which, because of his age and advanced arterio- 
sclerosis, were thought to indicate the beginning of pneumonia. 


Case 11.—Dazed when admitted immediately after an accident. Pulse rate on 
admission 84 per minute. Irrational for short periods on third day, and occa- 
sionally complained of headache. Sharp rise of temperature on sixth day with 
slowing of pulse rate and very troublesome mental confusion. Repeated lumbar 
punctures beginning on the seventh day. Recovery. 


M. H. A., a married man, aged 69, was admitted to the hospital in a dazed 
condition; he did not know how he had been injured. Examination revealed a 
laceration over the right frontal area of the scalp and extensive bleeding from the 
nares. On admission, the pulse rate was 84 per minute and the temperature was 
98 F. Roentgen examination revealed a right cromioclavicular dislocation, but no 
fracture of the skull. The patient was nauseated, but did not vomit. A few hours 
after admission, the temperature was 100.4 F. Blood pressure on admission was 
150 systolic and 85 diastolic ; on the second day, it was 125 systolic and 85 diastolic. 
On the third day, the patient was irrational for short periods and complained of 
occasional headache. On the sixth day, the temperature gradually rose to 102 F., 
while the pulse rate dropped to 65 per minute. On the seventh day, the patient was 
confused and gave every appearance of being seriously ill. There was slight post- 
cervical rigidity and a positive Kernig sign on both sides. Examination of the 
fundus showed a well marked edema of the disks, and this with the slow pulse 
rate indicated a gradual increase of intracranial pressure. Early lumbar puncture 
would have prevented what was now evidently an advanced stage of meningeal 
irritation with beginning cerebral edema. Lumbar puncture at this late stage was 
of questionable value, and the operation of choice would have been a subtemporal 
decompression with drainage. This, however, seemed a rather foolish undertaking 
in this case because of the impression of a cardiorespiratory break and a diagnostic 
lumbar puncture was advised. A small amount, 6 cc., of very dark brown cere- 
brospinal fluid was withdrawn. Several hours afterward, the patient was com- 
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fortable and more alert, the temperature ranging from 100 to 101 F. On the 
eighth day another puncture was done, and again blood-stained fluid was found; 
the temperature ranged from 99 to 100 F. On the ninth day, a third puncture was 
done showing deep yellow-tinged fluid, and following this he slept for several 
hours. The highest temperature was 99.3 F. Following the second puncture, 
the pulse rate ranged between 80 and 90 per minute. On the eleventh day, the 
patient was well oriented and complained of severe headache. A lumbar puncture 
at this time revealed yellow-tinged cerebrospinal fluid. Another lumbar puncture 
on the thirteenth day revealed clear fluid. From this point on there was gradual 
improvement of neurologic symptoms until discharge on the twenty-second day. 
Marked dyspnea and sharp precordial pains were present on the thirteenth day, 
due to the cardiac strain, but this condition gradually cleared up along with the 
neurologic symptoms until the time of discharge. 


Improvement does not always follow lumbar puncture in the late 
course and the procedure must be checked with care to determine the 
immediate effect of the. puncture, for example, if a small amount of 
fluid is withdrawn and there is improvement in the first few hours, the 
puncture may be repeated, the subsequent symptoms being taken as a 
guide for or against additional punctures. 

In a previous report,® the ill effect of late lumbar puncture is dis- 
cussed. In case 18, page 58, in that report, the symptoms appeared at 
the end of the first week. The patient was not admitted to the hospital 
until the fourteenth day, when the pulse rate was 60; there was delirium, 
postcervical rigidity, a positive Kernig sign, headache and beginning 
choking. Lumbar puncture revealed yellow cerebrospinal fluid. Three 
punctures were done at intervals of from six to twenty-four hours ; the 
first puncture seemed to give some relief for a short period, and the 
symptoms increased after the second puncture. Forty-eight hours after 
admission, the symptoms were very severe, and a right subtemporal 
decompression was done. Only a small amount of fluid was found in 
the subarachnoid space, the condition having reached a stage of cerebral 
edema. Following the operation, there was only scant drainage of cere- 
brospinal fluid, and the condition grew worse until death occurred four 
days later. Necropsy showed a marked degree of meningeal thickening 
with cell infiltration. 

If one is convinced of the irritating effect of blood in the cerebro- 
spinal fluid and not misled by the fact that in some cases the blood may 
be absorbed and do no apparent harm, he will endeavor to learn early 
in the course of treatment for cerebral trauma whether or not there is 
blood in the cerebrospinal fluid, and if it is present, to accomplish its 
removal early by the most simple method applicable to the case. The 
method employed will depend on the amount of blood present and the 
symptoms produced. That the patient is capable of removing a certain 


6. Bagley, Charles, Jr.: Blood in the Cerebrospinal Fluid: B. Clinical 
Data, Arch. Surg. 17:39 (July) 1928. 
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amount of blood from the fluid there can be no doubt, nor can there be 
any doubt that this spontaneous removal of the blood is greatly aided 
by mechanical drainage. The improvement which follows the removal 
of a few cubic centimeters of bloody fluid in favorable cases seems 
entirely out of proportion to the amount of fluid removed, a fact which 
seems to indicate that the absorption on the part of the patient is aided 
by the mechanical removal. 


GROUP V: CORTICAL INJURIES 


Small cortical lacerations no doubt occur in many cases of group 4, 
but are unimportant further than as the starting point of bleeding. In 
the cases in this group there is sufficient cortical destruction to pro- 
duce general disturbance in silent areas and focal disturbance in active 
areas. 


(a) Cortical Lacerations——Lacerations of the cortex may result 
from the direct force of the blow and be associated with simple or com- 
pound fractures of the skull. The management of these lesions has been 
discussed under the headings of groups I and II. Lesions of this type 
frequently occur, however, without fracture of the skull. The tips of the 
temporal and bases of the frontal lobes are most often the site of injury 
which may, however, occur in any part of the cortex. 

The symptoms are indefinite unless the lesion is in an active area with 
definite focal disturbance. When the lesion is in a silent area, the 
diagnosis depends on the signs and symptoms of increased intracranial 
pressure resulting from the edema at the site of the laceration and a 
filmlike blood clot which usually spreads over the cortex. 

In every extensive laceration sometimes involving both temporal 
and frontal lobes, operative procedures are of little avail, but in the 
milder cases a craniotomy should be done at or near the site of lacera- 
tion as a great deal can be accomplished. The patients in two recent 
cases presented almost identical symptoms of gradually increasing intra- 
cranial pressure over a period of four days following injuries in the 
right temporofrontal region. In each case a right subtemporal decom- 
pression was done, and a small amount of dark clotted blood was found 
over the lateral surface of the hemisphere extending to the base, where 
a larger amount of the same substance was found. In these cases it 
was concluded that the blood originated from the laceration at the tip of 
the temporal lobe. Both patients made satisfactory recoveries. 

The brain of a patient with a cortical laceration obtained seven weeks 
after the injury is shown in figure 7. The surgeon in charge of this 
patient did not operate as he was unable to localize the lesion, and he 
believed the progress, though slow, would eventually lead to recovery. 
Because of the stupor, a pelvic inflammatory condition was overlooked, 
and the patient died of peritonitis after an illness of seven weeks. 
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Case 12.—I/njured by falling from motorcycle. Stormy course without opera- 
tion over a period of seven weeks. Patient still in coma. Death due to ruptured 
pelvic abscess. 

F. McM., a girl, aged 16, was admitted to the hospital in an unconscious condi- 
tion immediately after a fall from a motorcycle. On admission, there was a deep 
laceration of the left temporoparietal region extending to the skull, bleeding from 
the nares, paralysis of the right internal rectus and sluggish right pupil. The pulse 
rate was 60, the blood pressure 136 systolic and 80 diastolic, the temperature 98 F. 
and the respirations free and easy. A roentgenogram did not reveal a fracture of 








Fig. 7 (case 12).—Illustrating group V, a. Extensive laceration of the cortex 
of the left temporal lobe. The patient was not operated on, was in semistupor for 
several weeks, during the seventh week developed peritonitis secondary to pelvic 
inflammatory condition which had been overlooked, and died within a few days. 


the sku. On the second day, the blood pressure was 138 systolic and 80 diastolic. 
During the first days the patient was dull, but answered questions correctly at 
times. During the weeks that followed, the course was tedious but not considered 
hopeless. I first saw the patient seven weeks after admission because there had 
been troublesome vomiting, and a sharp rise of temperature and some further 
cranial complication was feared. At this time she was in coma and there was 
marked rigidity of the abdomen, with leukocytosis. Palpation of the abdomen 
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disturbed the patient. Laparotomy revealed extensive peritonitis secondary to a 
pelvic inflammatory condition. The inflammatory pelvic condition had been over- 
looked because of the coma, and the abscess had ruptured. Death occurred the 
following morning. 

The necropsy was interesting, as it furnished a brain with a cortical 
laceration and small blood clot (figs. 3 and 7) seven weeks after the 
occurrence of the injury. If recovery had occurred, it would certainly 
have been very tedious and the ultimate outcome poor. An early 























Fig. 8.—Illustrating group V, b. Extensive hemorrhagic extravasation in the 
pia-arachnoid associated with the formation of small cortical clots in the right 


hemisphere and laceration and large cortical clots in the left hemisphere shown in 
figure 11. 


decompression was indicated by the evidence of pressure and the slow 
progress of symptoms as set forth in the previous part of the paper 
under the head of “Blood Clot.” 

(b) Diffuse Superficial Extravasations—Under this subheading I 
shall discuss a condition in which the cortex over a large area is very 
dark because of the diffusion of pure blood which cannot be washed out 
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Fig. 9—Section taken from the right hemisphere of figure 8, showing the 
mass of blood in the pia-arachnoid mesh. 
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Fig. 10.—Illustrating group V, b. Section of cortex shown in figure 8, underly- 


ing blood-stained pia-arachnoid, showing vascular distortion and extravasation of 
blood. 
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or otherwise mechanically removed. The condition may involve the 
cortex of an entire hemisphere as shown in figure 8 without the presence 
of gross lacerations. In figure 9 the location of the blood is shown to be 
almost entirely within the pia-arachnoid mesh, even the superficial layer 
of the cortex remaining unstained with only a few pigmented cells, show- 
ing in the zonal layer. The recognition of the condition is important 
as it indicates a serious general upset characterized particularly by 
delirium which may last for many weeks. I have encountered the con- 
dition several times in craniotomies following traumas. When it has 
been very extensive, the cases have ended fatally, and in cases in which 
there has been recovery the patient has been disoriented long after the 
signs of increased intracranial pressure have disappeared. The explana- 
tion of the long-continued upset is to be found no doubt in the distur- 
bances of cortical circulation ranging from stasis to actual rupture of 
vessels and the extravasation of blood as shown in figure 10 which is 


a photomicrograph of the cortex underlying the dark blood-stained 
meninges. 


CasE 13.—Patient in a very serious condition on admission, immediately after 
automobile accident. Right subtemporal decompression. Large amount of bloody 
cerebrospinal fluid and very dark blood-stained cortex. Tedious recovery. 

A. C., a woman, aged 68, was admitted to the hospital immediately after having 
been knocked to the street by an automobile. She was wildly delirious, with a 
pulse rate of 60 per minute and a respiratory rate of 20. A right subtemporal 
decompression revealed a large amount of bloody cerebrospinal fluid and a black- 
looking cortex. Drains were inserted and the pressure symptoms entirely disap- 
peared, but the patient continued to be delirious over a period of weeks. During 
this time she had a rather extensive bronchial pneumonia, from which she recov- 
ered. The active delirium lasted three weeks, but she was not entirely oriented 
until six months after the operation, at which time she took up her household 
duties and has been fairly capable since. 


(c) Single or Multiple Clots—Clots of varying size may be found 
in almost any part of the cortex, at times immediately underlying the 
point of trauma or as the result of the force of the blow at a point far 
removed from the external area of trauma. In the former instance, the 
clots are often multiple and difficult to locate, and in addition to the 
clot, cortical lacerations may be present; in the latter case, localization 
is less difficult, and a single clot is the common occurrence. The symp- 
toms depend on the area of cortex involved, the number and size of 
the clots and the presence or absence of associated lesions, such as cor- 
tical lacerations or free blood overlying the cortex. 

The severely injured patient usually succumbs within the first twenty- 
four hour period, and operative treatment accomplishes very little. A 
cross-section of the brain shown in figure 8 with a large and several 
small clots within the cortex of the left hemisphere is shown in figure 11. 
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There was also a large laceration of the left temporal lobe. On admis- 
sion, the condition was grave and an immediate decompression was 
done. A large amount of free and clotted blood was removed without 
improvement of symptoms. The patient died eighteen hours after admis- 
sion. Single clots with less severe initial disturbance cause gradually 
increasing general and focal signs and symptoms and constitute one of 
the most favorable groups for radical operative procedures. Localiza- 
tion of the clot is important since the purpose of treatment is the 
removal of the clot and not merely the relief from pressure by means of 
decompression. The removal is important for relief from the early 
symptoms. 














L 





Fig. 11.—Illustrating group V, c. A large and several small clots occur at 4 
and B. Many superficial clots of this type were present throughout the left hemi- 
sphere of this brain. The left temporal lobe was severely lacerated. (Same brain 
at figure 8.) 


A craniotomy at any point other than the site of the clot is harm- 
ful as it causes distortion of the tissues between the blood clot and the 
operative field. Complete removal of the clot avoids additional destruc- 
tion of the cortex through softening. The following case in which there 
was a clot in the lower motor area of the left hemisphere with complete 
loss of speech illustrates the importance of uncovering the area involved 
so that the clot may be easily removed and the complete recovery of this 
important area made possible. 
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Case 14.—Admitted to hospital five days after having been hit by a baseball on 
the left side of the head. Aphasia. Weakness of the right side of face. Opera- 
tion: left osteoplastic flap and decompression at base. Recovery. 


W. F., a professional baseball player, aged 23, was admitted to the hospital five 
days after having been hit on the left side of the head by a baseball. Loss of 
speech came on about fifteen hours afterward, and during the first twenty-four 
hours there was considerable nausea and vomiting, but very little headache. There 
was no mental disturbance. The pulse rate on admission was 44, and the blood 
pressure 115 systolic and 78 diastolic. There was definite weakness on the right 
side of the face, which did not involve the upper portion, and complete aphasia. 
The reflexes were definitely greater on the right than on the left side. The day 
after admission, he complained of headache, numbness and tingling in the right 
hand, and there was twitching of the tongue. Two days after admission, a left 
osteoplastic bone flap was done with a decompression at the base. When the flap 
was elevated, about a teaspoonful of old extradural clot was found. Along the 
anterior limb of the flap, a small fracture was found, extending from the fronto- 
parietal region downward and backward. There was sufficient tension below the 
dura to cause it to bulge in a domelike fashion. The dura was then opened opposite 
the bulging portion, and the brain showed a moderate increase of pressure. There 
was a small rent in the pia-arachnoid over the lower motor area. When this 
rent was completely uncovered a large clot was slowly extruded entirely relieving 
the tension. The cavity was gently washed out and the fragments of pia-arachnoid 
replaced over the rent and the dura and flap replaced. A very small decompres- 
sion was made at the base of the flap and a small rubber tissue drain placed over 
the cortex. This was done to permit a thorough cleansing of the blood-stained 
tissue. The day after operation, the pulse rate ranged between 54 and 104. On 
the third day, the patient spoke several words. The condition gradually improved, 
so that on the thirteenth day he was walking around; when discharged on the 
twenty-fifth day, the condition was entirely satisfactory with very little disturbance 
of speech, and normal muscle power. He returned to his profession as a baseball 
player and has continued this during the eight years since the accident. 


This case is included to show the necessity of radical procedures in 
cases of this type. A lumbar puncture would obviously have done harm, 
and decompression on either side would not have allowed the clot to 
escape; if it had been done on the left side, there would have been a 


marked bulging of the temporal lobe and greater destruction of the 


area involved. 

The fact that single cortical clots occur in the neighborhood of the 
injury makes it important to expose the cortex as near the point of 
external injury as possible. It must be remembered, however, that sub- 
temporal decompression as originally, practiced by Dr. Cushing is limited 
to the area of the skull covered by the temporal muscle, and that the 
sacrifice of bone in this area is compensated for by the carefully pre- 
served muscle. When other than the cortex of the temporal lobe is to be 
exposed, therefore, an osteoplastic bone flap must be used, for in this 
there is no sacrifice of bone, the bony wall being completely restored. 








snares 
weet 








and 
a 
i 


: 
3 
2 

it 





1106 ARCHIVES OF SURGERY 


In the following case, the patient received an injury in the right 
temporal region. The operation revealed a large blood clot in the right 


temporal cortex, with considerable blood overlying the surrounding 
cortex. 


Case 15.—Injured in falling from a stairway. Fairly satisfactory course for 
four days, then evidence of increased pressure. Right subtemporal decompression, 
removal of right temporal lobe blood clot. Drainage. Recovery. 

W. D., a man, aged 56, was admitted to the hospital in a semiconscious condi- 
tion after falling from a stairway he was repairing. When admitted, there was a 
contusion of the scalp in the right temporal area; the pulse rate was 82, the 
temperature 97 F. and the respiratory rate 22. Bloody cerebrospinal fluid was drain- 
ing from the right ear. The pupils were dilated, and the knee jerks were hyper- 
active. On the day after admission, the pulse was normal. The patient was 
irrational and complained of headache. The drainage of cerebrospinal fluid and 
bleeding from the right ear continued for forty-eight hours, a condition no doubt 
responsible for some improvement during this period. Four days after admission, 
there was a slight internal squint of the left eye. The blood pressure was 138 
systolic and 64 diastolic, and the pulse rate 60 per minute. On the fifth day, the 
patient was dull and suffering from severe headache; the pulse rate was 58, and 
the respirations 28 per minute. A right subtemporal decompression was done. 
When the dura was incised, there was some blood overlying the cortex. When this 
was removed, the cortex was bulging greatly. Beneath a small rent in the pia 
there was a large blood clot which was extruded through the slightly enlarged 
pial tear. The cavity and overlying cortex were washed with salt solution, and 
drains were inserted. Six hours after the operation, the pulse rate was 90. All 
signs of increased intracranial pressure were absent, and there was gradual 
improvement in the mental condition. The patient was discharged on the twenty- 
eighth day after admission. It is now four months since the operation; there is 
deafness of the right ear with dizziness, but the patient has returned to light duty. 


GROUP VI: EXTRAVASATION IN THE VEIN OF GALEN SYSTEM 


Cases of this type were the subject of a report from this laboratory 
in 1923.7 Three fatal cases, with necropsy observations in two, were 
reported. The lesions in the two brains examined were almost identical ; 
there were numerous hemorrhages in the structures anatomically related 
to the vein of Galen and its tributaries. The symptomatology was 
characterized by an early sharp rise of temperature and rapid respiratory 
and pulse rates, all of which continued throughout the course. Muscle 
power was affected to a greater or less degree, the disturbance being 
chiefly of the spastic type with predominance of loss of power on one 
side, and the deep reflexes were increased. The intracranial tension 
was low, and the cerebrospinal fluid contained a small amount of blood. 
The state of consciousness in the beginning suggested simple concus- 
sion ; later the patients were restless, coma ensuing toward the end of the 


7. Bagley, Charles, Jr.: Extensive Hemorrhagic Extravasation from Venous 
System of Galen, with Clinical Syndrome, Arch. Surg. 7:237 (Sept.) 1923. 








































BAGLEY—ACUTE CEREBRAL TRAUMAS 1107 
course. This type of lesion is an infrequent one, and since the report 
in 1923, I have had one fatal case in which the diagnosis was verified 
and two cases with recovery in which the symptoms were characteristic, 
the course tedious and recovery incomplete. 


Case 16.—Injured in an automobile accident. Pulse rate on admission imme- 
diately after accident, 120 per minute; temperature, 101.5 F.; well marked spas- 
ticity of extremities, more on right. Thirty-four hours after admission, 
temperature 106.5 F. Death fifty-three hours after admission. 

M. L., a married woman, aged 21, was admitted to the hospital in an unconscious 
condition after an automobile accident. On admission, the pulse rate was 120, the 
temperature 101.5 F., the respiratory rate 24 and the blood pressure 110 systolic 
and 60 diastolic. There was a laceration on the left side of the lip and a contu- 














Fig. 12 (case 16).—Illustrating group VI. The figure on the left shows a block 
from the brain of a case previously described (Arch. Surg. 7:237 [Sept.] 1923), 
showing extensive hemorrhagic extravasation in the corpus callosum, charac- 
teristic of lesions secondary to vein of Galen injuries. The figure on the right 
shows a block from a recent case clinically placed in group VI, with hemorrhagic 
extravasation at A and B. 


sion under the left eye. There was well marked spasticity of the extremities, more 
on the right side. She moved the arms freely and picked at the bedclothing. 
The pupils were normal. Five hours after admission the pulse rate rose to 158, the 
blood pressure 135 systolic and 60 diastolic and the respiratory rate to 56 per 
minute. There was considerable twitching of the muscles of all extremities. On 
the day after admission, except for the high temperature and rapid pulse and 
respiratory rates, the patient did not seem to be seriously ill. At this time she 
seemed conscious of her surroundings, and members of her family thought she 
recognized them. The temperature ranged slightly above 101 F., the pulse rate 
from 130 to 135 and the respiratory rate from 28 to 40 per minute. The patient 
was rather rigid with increase of the deep reflexes and a positive Babinski sign 
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on the right. Lumbar puncture revealed slightly blood-stained cerebrospinal fluid 
under low pressure. A tentative diagnosis of injury to the vein of Galen was 
made, and operation was not recommended. Thirty-four hours after admission, 
the temperature registered 106.5 F. by rectum, the pulse rate 160 and the respiratory 
rate 58 per minute. At this time the diagnosis was definitely made. The pulse 
vate and temperature remained high, and the patient died fifty-three hours after 
admission. 

Necropsy showed nothing abnormal on the external surface of the brain. The 
characteristic lesions in the structures throughout the vein of Galen area and the 
close similarity to the lesions in one of the previously described cases is shown 
in figure 12. 


The following case history is included because the patient presented 
symptoms of the fatal cases but ultimately recovered. 


Case 17.—Injured in automobile accident. Temperature, 106 F.; pulse rate, 160 
nine hours later. Bilateral motor disturbance with spastic hemiplagia. Unconscious 
twenty-six days. Recovery with residual left hemiplegia and personality changes. 

M. E., a schoolgirl, aged 16, was admitted to the hospital thirty minutes after 
an accident. There was a laceration on the dorsal surface of the right hand and a 
contusion in the left temporal region. On admission, the patient was said to have 
been severely shocked, pulseless and vomiting, and it was thought that the course 
would end fatally in a few hours. I first examined her nine hours after the 
accident, at which time she was unconscious and restless. The right arm and, 
to a less extent, the right leg were being moved constantly; the left arm and leg 
moved very little. The deep reflexes on both sides were present and not increased. 
There were very rapid pulse and respiratory rates, and the axillary temperature 
was almost 106 F., as shown by figure 13. The breathing was noisy, and coarse 
rales were heard throughout the chest. At the time of examination, the patient was 
lying in the dorsal position with the head flat. When turned on the right side with 
the head elevated, there was very free flow of cerebrospinal fluid from the nose. 
While she was in the dorsal position this fluid was evidently trickling into the 
trachea and was responsible for the rales and the noisy breathing, which imme- 
diately improved after the position was changed. A diagnostic lumbar puncture 
was done, a very small quantity of blood-stained cerebrospinal fluid under low 
pressure being withdrawn. Drainage of cerebrospinal fluid from the nose ceased 
after twenty-four hours. During the first four days the symptoms changed very 
little ; the temperature, pulse and respiration ranges were lower, and the right arm 
and leg were moved only occasionally. At frequent intervals, there was jerking of 
the muscles of the right upper and lower extremities. Early on the fifth day, the 
patient was very restless; the axillary temperature rose to 104.6 F., and the gen- 
eral condition seemed less favorable. As the left temporal region had been injured 
and there had been evidence of irritation of the right arm and leg, a léft sub- 
temporal decompression was undertaken as a means of last resort. Under local 
anesthesia, a small opening was made. A loose film of blood was found over the 
cortex; there was diminution rather than increase of intracranial pressure, and 
the pulsations of the brain were feeble. The course was uninfluenced by the 
operation, the temperature registering 106 F. by axilla twenty hours afterward. 
As will be seen by figure 13, the temperature and pulse rate remained high, 
gradually returning to normal over a period of fifty-one days. Because of the 
state of unconsciousness and, after the first few days, the motionless condition of 
the patient, it was not until the third week that one could determine the exact state 
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of the motor difficulty. At this time, there was definite weakness of the left side 
of the body with increased reflexes and a positive Babinski sign and ankle clonus. 
The right leg and arm at this time were being moved in a more normal manner. 
Early in the course, there was dilatation of the left pupil and drooping of the left 
lid. As the patient regained consciousness, there was inability to move the left 
globe inward. The results of the fundus examination were unimportant except for 
pallor of the left disk. The mental state of the patient was unusually interesting, 
as she remained entirely unconscious, taking food and sometimes blinking the eye- 
lids, but showing no other sign of consciousness until the twenty-sixth day after 
the accident, when she opened her mouth when asked to do so, and seemed to 
recognize her parents. Two days later, she seemed to know her mother, and from 
that time on, consciousness improved, and when discharged fifty-one days after the 
accident, she was fairly well oriented. Her mental condition has never been 
entirely normal, but there has been a gradual improvement since discharge from 
the hospital two and one half years ago. For many months after the accident, the 
patient was overtalkative, quarrelsome and explosive of temper. Memory of recent 
events was poor and judgment defective. She was unable to carry on her usual 
work at school. The motor disturbance of the right side of the body had entirely 
cleared up, but there was well marked spastic hemiplegia on the left. There was 
improvement in the extra-ocular muscles. 


GROUP VII: HEMORRHAGES IN THE BRAIN STEM 


The symptomatology of cases in this group is similar to that of 
group VI, and the grouping is made chiefly on the basis of the lesions 
studied post mortem. In the two following cases, the early course sug- 
gested the possibility of a group VI type of lesion. This possibility, 
however, was dismissed because of the spinal fluid pressure readings of 
135 mm. of water in one case and 185 mm. in the other, the pressure 
readings in group VI being always very low. 


Case 18.—Unconscious on admission. Deep coma the following day, continued 


throughout the course. Cerebrospinal fluid pressure readings normal. Death on 
the fifth day. 


ai 


W. I., a married man, aged 60, was admitted to the hospital in an unconscious 
condition one hour after an automobile accident. The blood pressure on admission 
was 95 systolic and 50 diastolic, the temperature 102 F., the pulse rate 99; the 
respirations, which were 28 per minute, were labored. There was bleeding from 
the right ear, fracture of the right ulna and lacerations of the face. The roent- 
genograms showed a small linear fracture in the right temporal region. On the 
following day, the blood pressure was 100 systolic and 70 diastolic and the tem- 
perature 104 F., the pulse and respiratory rates had increased; all indicating an 
unfavorable progress. A lumbar puncture at this time revealed slightly blood- 
stained cerebrospinal fluid under normal pressure. On the third day, there was 
evidence of consolidation in the bases of both lungs; the cerebrospinal fluid pres- 
sure was 130 mm. of water. On the fourth day, the cerebrospinal fluid pressure 
was 135 mm. of water; the patient was profoundly unconscious; the temperature 
was very high, and the respiration and pulse rates were still fast. The cerebral 
symptoms were now thought to be exaggerated by the pulmonary condition, which 
was increasing. Before death on the fifth day, the temperature rose to 106.5 F. 
and the respiratory rate to 48 per minute. 
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The labored breathing, profound unconsciousness, normal cerebro- 
spinal fluid pressure and absence of spasticity were against placing this 
case under group VI. The small amount of blood in the cerebrospinal 
fluid did not indicate that the case belonged to group IV, as the early 
serious symptoms were out of proportion to the amount of blood. It was 
therefore concluded that the early serious symptoms were due to hemor- 





Fig. 14 (case 18).—Illustrating group VII. Blocks through the anterior hind- 
brain segment. 


rhage in the brain stem and operation was not advised. The pneumonia 
was considered, partly responsible for the late symptoms. Sections of 
the brain stem are shown in figure 14 with extensive bleeding in the 
dorsolateral portion. In figure 15 blood is shown surrounding vessels 
at a point some distance from the large hemorrhage. Figure 16 shows 
a small vessel, a large amount of hemorrhage surrounding it and well 
advanced softening in the adjacent area. 
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Fig. 15 (case 18).—A section from the preceding figure showing blood outside 
the blood vessel. * 
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Fig. 16 (case 18).—Photomicrograph of a section from figure 14 showing a 


small blood vessel with the extravasated blood in the surrounding tissue. 
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The second patient in this group had clear cerebrospinal fluid with 
a somewhat higher pressure reading, but the clinical course and lesions 
in the brain stem were similar to the first. 


Case 19.—Drowsy and irrational on admission. Marked elevation of tempera- 
ture. Clear cerebrospinal fluid. Death on third day. 

G. R., a schoolboy, aged 9 years, was admitted to the hospital following an 
injury to the right side of the body and the head when hit by a truck. On admis- 
sion, he was conscious and complained of a severe pain in the right side of the head. 
The temperature was 101 F., the pulse rate 99 and the respirations 28 per minute. 
The following day he was drowsy and irrational, and his temperatue rose to 104.4 F. 
On the third day the temperature was 106.5 F., the pulse rate 105 and the respira- 
tions 40 per minute. Lumbar puncture revealed clear cerebrospinal fluid with a 
pressure of 185 mm. of water. Following the puncture, the respirations were slow 
and the pulse rate very rapid. Death occurred two hours later, on the third day. 


Until the lumbar puncture revealed clear cerebrospinal fluid with a 
high normal pressure, this case was thought to belong to group VI. 
After the puncture, the possibility of hemorrhage of the brain stem was 
considered. Unlike the preceding case, there were no macroscopic 
hemorrhages. Figure 17, a low power section of the brain stem near 
the fifth nucleus, shows a large amount of blood within the tissue. 
Figure 18 shows the presence of round cells in the perivascular space 
similar to the condition described by Osnato and Giliberti * and later by 
Cassasa.® Figure 19 shows a distorted vessel with extravasated blood 
in the center of an area of softening. This section was found in the 
corpus striatum on the left side. 

Some patients with lesions of this sort evidently recover, so that 
care should be taken to carry out general treatment. Certainly nothing 
is accomplished by operative procedures. : 


SUMMARY OF SIGNS, SYMPTOMS AND TREATMENT IN THE 
SEVEN GROUPS 

Group I: Depressed Fractures—The symptoms vary from those 
of slight concussion to those of severe compression. The diagnosis is 
determined by inspection, palpation and roentgen examination of the 
skull and the neurologic disturbance indicating cortical injury. The 
treatment consists in early elevation of the bone fragments, inspection 
of the underlying dura and cortex and replacement of the fragments. 


Group II: Compound Fractures, With or Without Depression.— 
Symptoms may range from slight evidence of concussion to serious 


8. Osnato, Michael, and Giliberti, Vincent: Postconcussion Neurosis; Trau- 
matic Encephalitis; A Conception of Postconcussion Phenomena, Arch. Neurol. & 
Psychiat. 18:181 “(Aug.) 1927. 

9. Cassasa, Charles S. B.: Multiple Traumatic Cerebral Hemorrhages, N. Y. 
Path. Soc. 24:101, 1924. 
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Fig. 17 (case 19).—Illustrating group VII. Hemorrhage in the brain stem 
near the fifth nucleus. 
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Fig. 18 (case 19)—Photomicrograph from the midbrain showing peri- 
vascular infiltration secondary to bloody extravasation. 
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Fig. 19 (case 19).—From the corpus striatum.of the same brain as figures 17 
and 18, showing perivascular infiltration and softening. 
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disturbance due to associated brain destruction and: bleeding. The main 
object of treatment is the prevention of further destruction of cortex 
through pressure or infection and is accomplished by early cleansing of 
the wound. 

Group III: E-xtradural Hemorrhage—tThe signs and symptoms 
are those of increased intracranial pressure, usually appearing within 
the first few hours but sometimes in cases with small clots delayed for 
several days; focal disturbance, chiefly irritative, and later paralysis of 
the motor area associated with aphasia if the clot overlies the speech 
area. The treatment consists in early evacuation of the clot and control 
of the bleeding, usually accomplished through a subtemporal decom- 
pression opening. 

Group IV: Blood Overlying the Cortex——The symptoms in this 
group depend on whether the blood is distributed over a small area 
unmixed with cerebrospinal fluid and clotted or mixed with cerebro- 
spinal fluid and distributed through the entire subarachnoid space. . If 
present in the form of a clot, the symptoms are practically the same 
as in the preceding group, and the treatment consists in the removal of 
the clot as early as possible. If the blood is mixed with the cerebro- 
spinal fluid the symptoms are due to irritation rather than to pressure, 
there is extreme restlessness and’ rapid pulse and respiratory rates. 
The headache is neuralgic. The onset of symptoms depends on the 
degree of richness of the blood in the cerebrospinal fluid. If the mix- 
ture is very rich, the symptoms appear early, while a small amount of 
blood in the cerebrospinal fluid may not produce symptoms until the 
end of the first week. The treatment consists in drainage of the cere- 
brospinal fluid, which if commenced early can frequently be -accom- 
plished through repeated lumbar punctures. Subtemporal decompression 
with drainage may be required early in cases of serious injury and in 
cases in which serious signs of pressure indicating cerebral edema 
develop several days after the injury. 

Group V: Cortical Injuries—(a) Cortical Lacerations: The 
symptoms in this group are usually severe because of the direct injury 
to the cortex and the likelihood of the escape-of a large amount of 
blood. The symptoms depend on the portion of the cortex lacerated. 
The treatment consists in exposure, if possible, of the lacerated area, 
often requiring a bone flap. In many of these cases the laceration may 
not be located, and the treatment consists in the removal of the blood 
clot or bloody cerebrospinal fluid. 


(b) Diffuse Superficial Extravasations: Diffuse superficial extra- 
vasations cause a serious general upset characterized particularly by 
delirium which may last for many weeks. These patients are generally 
operated on because of the serious early symptoms, the condition being 
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discovered in the course of the operation. The recognition of the con- 
dition is important from the standpoint of prognosis, as it indicates a 
slow, tedious course with mental upset terminating in recovery after 
many weeks. 

(c) Single or Multiple Cortical Clots: Single or multiple clots 
produce symptoms of increased intracranial pressure and disturbance 
of function if in an active area. The treatment consists in exposing 
the area of cortex containing the clot so that it may be entirely removed 
as in the case of a tumor. This is not difficult in the case of single 
clots involving active cortex. Multiple cortical clots, if of any size, 
produce serious symptoms of increased intracranial pressure and may 
be associated with a large amount of blood overiying the cortex. Many 
of these cases end fatally no matter what method of treatment is 
employed. 

Group VI: E-xtravasations in the Vein of Galen System.—This is 
an infrequent type of lesion characterized by rapid respiratory and pulse 
rates, hyperpyrexia, spastic musculature and abnormally low intracranial 
pressure with only a moderate disturbance of consciousness in the 
beginning. Operative treatment and therapeutic lumbar punctures avail 
little. The treatment, therefore, consists in general care of the patient 
in the hope of preventing such complications as pneumonia. Patients 
who survive show residual symptoms. 

Group VII: Hemorrhage in the Brain Stem—The symptoms in 
these patients are similar to those in the previous group, but the cere- 
brospinal fluid pressure is not abnormally low and there may be no 
blood in the fluid, while in the previous group there is generally some 
staining of the cerebrospinal fluid. In the absence of symptoms of pres- 
sure with clear cerebrospinal fluid there is obviously nothing to be gained 
in subjecting these patients to operation. If the lesions are small, 
recovery may take place, but with large hemorrhage or numerous scat- 
tered lesions, the patients usually die. 




















THE DIFFERENCES BETWEEN HIGH AND LOW 
INTESTINAL OBSTRUCTION IN THE DOG 


AN ANATOMIC AND PHYSIOLOGIC EXPLANATION * 
JOHN J. MORTON 


The many different results obtained by investigators in experimental 
intestinal obstruction can be explained to some extent by the variations in 
the technic employed. Careful study demonstrates that there are three 
distinct pictures of disease included under the title intestinal obstruc- 
tion. The obstructions high in the duodenum or at the pylorus result in 
dehydration, loss of chlorides from the blood and tissues, and alkalosis, 
but no real intoxication. The animals can be made to live for long 
periods by supplying water and sodium chloride; death is probably due 
to starvation. The second type is that of strangulation with resulting 
rapid necrosis and early profound toxemia. These animals die quickly 
from toxemia or peritonitis, often with little evidence of dehydration 
or dechlorination. The third group is characterized by high or low 
obstruction in the intestine, associated with dehydration, loss of 
chlorides, alkalosis and a toxemia. There is usually a latent period 
before the toxic symptoms are manifest but the intoxication is the 
dominant feature of the later stage of the process. It is little influenced, 
even though water and sodium chloride are supplied in sufficient amount. 

The following observations relate especially to this last type of 
intestinal obstruction. Part of the experimental data has not been 
completed and will be reported later, but enough evidence is at hand to 
indicate the trend of the results. An attempt to review the literature 
will not be made as this has been excellently covered recently by 
Cooper.* 

Certain differences have been consistently noted between obstruc- 
tions made high and those made low in the small intestine of the dog. 
These differences result no matter how the obstruction is brought about, 
whether by simple ligature, division and inversion of the ends, or by 
closed loops with or without anastomosis to reestablish the continuity. 
It is generally conceded that the nearer the obstruction is to a point 
below the openings of the common and pancreatic ducts, the more 
severe the symptoms. As the obstruction occurs farther and farther 


*From the Department of Surgery, the University of Rochester, School of 
Medicine and Dentistry. 

* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 


1. Cooper, H. S. F.: The Cause of Death in High Obstruction, Arch. Surg. 
17:918 (Dec.) 1928. 
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down the intestine, the onset of symptoms is slower and the toxemia 
less rapid. Roger * showed that dogs with obstruction in the duodenum 
lived on the average from twenty-four to forty-eight hours; with 
obstruction at the midintestine, they survived for five to six days, and 
if the terminal ileum was blocked, death came only after ten or twelve 
days. Hallion and Gayet* gave almost identical figures. Death fol- 
lowed obstructions in the duodenum in from twenty-four to seventy-two 
hours ; dogs with upper jejunal obstructions lived from five to six days ; 
those with obstructions in the terminal ileum survived for ten or twelve 
days ; whereas rectal obstructions were compatible with life for as long 
as twenty-eight days. Many other writers could be quoted to support 
this observation. It is true for all of the species of laboratory animals 
so far tested. When a closed loop is made the same condition obtains, 
the high closed loops causing death more quickly than those lower in 
the intestinal tract. .An additional fact of great interest is that the 
shorter the closed loop, the more intense and rapid the intoxication 
(Brooks, Schumacher and Wattenberg, Dragstedt and others,®> Copher 
and Brooks *). 
















These facts are used as evidence against the theory that bacteria 
play an important part in the production of the toxemia. It is well 
known that the normal upper small intestine is relatively sterile (Cushing 
and Livingood *), whereas the terminal ileum and large intestine swarm 
with bacteria. Why, therefore, if bacteria play any part should a high 
obstruction be more toxic than a low one, and why should a short closed 
loop be more toxic than a long one? 

Recent observations tend to show that the upper intestinal tract is 
not completely sterile, especially under conditions of abnormal physi- 
ology. After partial obstruction there is a great increase in the bacterial 
flora in the duodenum ( Meleney, Jobling and Berg*). Anything which 





2. Roger, G. H.: L’occlusion intestinale experimentale, Presse méd. 32:901, 
1924. 

3. Hallion, L., and Gayet, R.: The Physiological Aspects of the Symptoms 
of Intestinal Obstruction, Med. Press & Circ., n. s. 125:280, 1928. 

4. Brooks, B.; Schumacher, H. W., and Wattenberg, J. E.: Intestinal Obstruc- 
tion: An Experimental Study, Ann. Surg. 67:210, 1918. 

5. Dragstedt, L. R.; Dragstedt, C. A.; McClintock, J. T., and Chase, C. S.: 
Intestinal Obstruction: II. A Study of the Factors Involved in Production and 
Absorption of Toxic Materials from the Intestine, J. Exper. Med. 30:109, 1919. 

6. Copher, G. H., and Brooks, B.: An Experimental Study of the Therapeutic 
Value of the Administration of Sodium Chloride, Ann. Surg. 78:755, 1923. 

7. Cushing, Harvey, and Livingood, L. E.: Experimental and Surgical Notes 
upon the Bacteriology of the Upper Portion of the Alimentary Canal with 
Observations on the Establishment There of an Amicrobic State as a Preliminary 
to Operative Procedures on the Stomach and Small Intestine, Johns Hopkins 
Hosp. Rep. 9:543, 1900. 

8. Meleney, F. L.; Jobling, J. W., and Berg, B. N.: Experimental Chronic 
Duodenal Obstruction, Arch. Surg. 14:752 (March) 1927. 
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disturbs the chemical or motor functions of the stomach may lead to 


growth of micro-organisms in the upper intestinal tract (MacNeal and 
Chace,® Gorke *°). 


Attempts to eliminate bacteria from the intestinal tract for experi- 
mental purposes by the use of antiseptics result in little success. Prac- 
tically all investigators agree that bacteria are present in enormous 
numbers in obstructed intestinal contents and in closed high loops. It is 
possible to demonstrate that this rapid growth occurs in loops of bowel 
which gave a negative culture before obstruction (Stabins and 
Kennedy **). Conversely, in some animals with long closed loops with- 
out evidence of toxic symptoms, my co-workers and I have been unable 
to get growth of bacteria on culture, although there was a large quantity 
of material in the loop. This material, extracted according to Whipple’s 
method, was not toxic for dogs on intravenous injection. Davis and 
Stone ** proved that secretions collected by washing through a loop of 
intestine were not toxic on intravenous injection unless allowed to incu- 
bate for a period of time. Dragstedt, Moorhead and Burcky ** claimed 
that closed intestinal loops in which bacteria were removed were com- 
patible with life even if the blood supply was completely’ occluded. 
Dragstedt, Dragstedt, McClintock and Chase ** repeated this assertion, 
claiming that autolysis and reabsorption of the aseptic loop itself could 
take place without sufficient toxicity developing to kill the animal. 
Dragstedt and others,’ in a more extensive series, came to the conclusion 
that it was impossible to sterilize even a short piece of intestine by chem- 
ical antiseptics, but that mechanical washing of a loop with ether was 
compatible with life in 50 per cent of the cases. This did not prevent 
formation of a toxin, but it did prevent absorption. Simple astringents, 
such as tannic acid, with no germicidal properties, were just as effective. 
The presence of bacteria in the lumen was necessary for the production 
of toxic substances and in their absence these substances did not form. 


From the evidence at hand it is impossible at present to exclude 
bacteria from a role in the production of the toxemia. 


9. MacNeal, N. J., and Chace, A. F.: A Contribution to the Bacteriology of 
the Duodenum, Arch. Int. Med. 12:178 (Aug.) 1913. 

10. Gorke, H.: Ueber die Bakteriologie des Duodenalsaftes, Mitt. a. d. Grenz- 
geb. d. Med. u. Chir. 35:279, 1922. 

11. Stabins, S. J., and Kennedy, J. A.: The Occurrence of B. welchii in 
Experimental High Intestinal Obstruction, Arch. Surg. 18:753 (Feb.) 1929. 

12. Davis, D. M., and Stone, H. B.: Studies on the Development of Toxicity in 
Intestinal Secretion, J. Exper. Med. 26:687, 1917. 

13. Dragstedt, L. R.; Moorhead, J. J., and Burcky, F. W.: Intestinal Obstruc- 
tion: I. An Experimental Study of the Intoxication in Closed Intestinal Loops, 
J. Exper. Med. 25:421, 1917. 

14. Dragstedt, L. R.; Dragstedt, C. A.; McClintock, J. T., and Chase, C. S.: 
Extirpation of the Duodenum, Am. J. Physiol. 46: 366, 1918; ibid: 46:584, 1918. 
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Assuming that the bacteria produce toxins within the lumen of the 
intestine, it is still necessary for these toxins to be absorbed. All investi- 
gators agree that the toxins wherever formed are absorbed somehow to 
give the systemic toxemia. It is equally certain that the normal 
intestinal tract has a defensive mechanism against the absorption of 
toxins of high colloidal structure. This must necessarily be true for the 
handling of the many toxic split products of normal digestion. 

One group of workers finds that normal secretions are nontoxic, 
whereas another group reports that all intestinal contents are toxic. It 
does not take much imagination to admit the possibility of the latter 
hypothesis if one considers the toxic substances formed in normal diges- 
tion. On the other hand, Whipple’ and his followers have clearly 
demonstrated that a toxemia can arise from an occluded loop of intestine 
from which gastric juice, bile, pancreatic secretion and food have been 
excluded. It seems probable, nevertheless, that under certain condi- 
tions even the normal contents of the intestine may be toxic if tested by 
intravenous injection. 


Repeated attempts have been made to cause toxemia by the intro- 
duction of obstructed loop fluid into experimentally obstructed intestine. 
There is no evidence that the toxemia has in any way been hastened 
when such measures are used (Cooper '). 

Large amounts of B. welchii toxin (from 10 to 20 cc.) were 
introduced into closed loops of intestine by Stabins and Morton *® with 


no more rapid toxemia, as measured by blood studies and clinical evi- 
dence, than in the control group. This toxin could not be made to pass 
the defensive barrier more quickly when mixed with a phosphate buffer 
solution of px 8, or with bile aspirated from the animal’s own gall- 
bladder. Colloidal dyes of large molecular structure, brilliant vital red 
and trypan blue, and those of smaller molecular weight, congo red, cloth 
red and congo blue, were placed in obstructed loops but could not be 
demonstrated in the vessels or in the wall of the living intestine on 
immediate frozen section. Colloidal silver 2 per cent, which is selec- 
tively absorbed by the lymphatics, was likewise used unsuccessfully. 
When a patch of gangrenous bowel was perforated, however, this silver 
could easily be traced as a brown stain up the lymphatics of the anterior 
mediastinum to the anterior mediastinal lymph nodes. Great care was 
always taken in introducing these substances that there was no leakage 
into the peritoneum. The punctures for introducing the solutions into 
the obstructed loops were made in the bowel adjacent to the loop and 


15. Whipple, G. H.; Stone, H. B., and Bernheim, B. M.: Intestinal Obstruc- 
tion: A Study of a Toxic Substance Produced in Closed Duodenal Loops, J. 
Exper. Med. 17:286, 1913. 

16. Stabins, S. J., and Morton, J. J.: The Impermeability of the Small Intes- 
tine of the Dog to B. Welchii Toxin and to Dyes of Colloidal Structure, in press. 
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the second occluding tape tied afterward so that no damage was done 
to the wall or mucosa of the obstructed segment. 

Kagan ** was unable to show that trypan blue could pass the living 
mucosa of the intestines of mice under various conditions of experiment. 
He did get a slight coloring on tops of the villi, in the goblet cells and 
in Paneth’s cell granules but never in the histiocytes or reticulo-endo- 
thelium. Consequently, he concluded that this was a postmortem 
change. Necrotic tissue could be made to stain with this dye as he 
noted it in the kidney after sublimate poisoning. 

Churchman,’* however, did succeed in making gentian violet pass 
from the lumen of the bowel occluded between two ligatures through 
the whole wall to the outside. Gauze lying on the peritoneal surface 
was stained by the dye. This dye is of fairly high molecular weight, 
varying from 400 to 420, depending on the exact dye used. 

It may be that small quantities of materials of colloidal structure do 
occasionally pass the barrier but the movement along the intestinal tract 
prevents an overwhelming toxic absorption, and detoxication takes place. 

Most of the known poisons of complex colloidal structure, such as 
snake venom, ricin and abrin, and various bacterial toxins are entirely 
harmless when taken by mouth. These toxins are destroyed by the 
action of peptic or tryptic digestion and converted into simpler com- 
pounds. Botulinum toxin seems to be one exception to this rule, thus 
differing from the Klebs-Loffler toxin: and the tetanus toxin. The 
botulinum toxin is regarded as an albuminous substance, consequently 
of a large molecular structure, and it passes through the intestinal tract 
of man into the circulation. It can be demonstrated in the blood of 
monkeys after oral administration (Dack and Wood"), and also is 
occasionally found in the blood of guinea-pigs under similar circum- 
stances but not in the blood of rats (Dack *°). Apparently most of the 
absorption occurs in the acid portions of the stomach and upper duo- 
denum, and the toxin cannot be demonstrated in the tissues of intoxi- 
cated animals (Dickson *'). Some species seem resistant to the passage 
of this toxin, the duodenum and ileum of rabbits being practically 
impermeable (Dack and Wood **). The lethal dose by mouth in mice 
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is 0.04 cc. compared to the subcutaneous lethal dose of 0.000025 cc. 
(Lippmann **). These facts show that the intestinal tract has a good 
defensive barrier in some species, so that many times the lethal dose 
can be handled. But a known poison of a highly complex nature can 
pass through the intestinal wall into the circulation in some species of 
animals and man. 

Another bacterial toxin can be made to pass the intestine at times 
as shown by Detrich.2* Mice which can withstand huge doses of tetanus 
toxin by the gastro-intestinal tract under ordinary conditions were 
killed by it if bile or bile salts were fed previously. 

Evidence has been slowly accumulating which proves that the 
intestine is not so completely impermeable to colloidal sized particles 
as was previously believed. Schloss and Anderson ** demonstrated that 
the intestinal tract of infants under certain conditions was slightly per- 
“meable to altered or unaltered protein. The presence of reaction bodies 
to cow’s milk in the blood of the children was clearly indicated both by 
positive precipitin reactions to cow’s milk protein, and by the fact that 
guinea-pigs could be passively sensitized to cow’s milk by blood from 
these children. The precipitin reaction was positive in eighty of ninety- 
eight infants tested. The precipitin was not present in the blood at all 
times. Anderson, Schloss and Myers ** found later that egg white, 
sheep serum and almond meal all gave precipitin reactions in the blood 
of normal children. 

Hektoen, Kanai and Dragstedt ** fed fresh thyroglobulin (beef 
thyroids) to dogs and got positive precipitin reactions for it in the dog’s 
blood. The beef thyroglobulin was present in the portal serum, the 
systemic serum and occasionally also in the urine. The greater con- 
centration in the portal serum and the apparent absence from extracts 
of digestive mucosa point to its direct absorption into the tributaries of 
the portal system. Hettwer and Kriz ** sensitized guinea-pigs to horse 
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serum. Anaphylactic reactions could be produced by introducing horse 
serum into a ligated loop of the small intestine. Under conditions of 
increased intra-intestinal pressure, proteins were not only absorbed but 
a certain portion actually reached the blood stream in undigested form. 
This portion was large enough and the absorption rapid enough for 
sensitization of a normal animal or for intoxication of a previously 
sensitized animal. In a further study *® they determined that ana- 
phylaxis could be produced by injection of large amounts of horse 
serum into unligated intestine. They also fourid that the presence or 
absence of digestive juices made no difference. Short closed loops were 
more effective in producing symptoms than long loops. There was a 
definite relationship between the length of loop and the amount of serum 
necessary to produce anaphylaxis. A noneffective dose in a closed 
loop could be made effective by increasing the intra-enteric pressure, or 
by shortening the loop in which it was contained. 

Kendall and Varney *° induced an anaphylactic reaction in strips of 
intestine of the guinea-pig sensitized to egg albumin or horse serum by 
application of the homologous antigen to the mucosa. This indicated a 
passage of the whole protein through the intestinal wall. Walzer * 
found that he could passively and locally sensitize the skin of almost 
every person to a particular food by intradermal injection of serum 
from a hypersensitive patient. Subsequent ingestion of the food under 
proper circumstances resulted in the formation of a wheal at the sen- 
sitized site. He concluded from a study of over 200 persons that 
in most of them a detectable amount of certain types of protein fre- 
quently enters the blood stream in an unaltered state by way of the 
digestive tract. Later investigations ** showed that egg or fish proteins 
could be detected by this local reaction in 85.3 and 93.8 per cent respec- 
tively of those tested. 

MacCallum ** claimed that intact egg protein was absorbed directly 
through the cells of the villi into the lacteals in guinea-pigs and rabbits. 
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It seems fair to assume from the evidence here presented that small 
amounts of protein may pass through the wall of the normal intestine. 

There are many poisons formed in the intestine, some of which are 
of relatively simple structure. Histamine may be taken as an example. 
Its presence has been shown in the human cecum and transverse colon 
(Meakins and Harrington**). Gerard*® found this substance in 
isolated closed loops of large or small intestine. A fair average sample 
was from 2 to 3 mg. per hundred cubic centimeters of the fluid. He 
also noted a combined histamine derivative. Sterile jejunal fluid did 
not contain histamine but it was present in the mucosa of normal and 
of closed loops of jejunum. Meakins and Harrington ** observed that 
the absorption of histamine as measured by the rate of fall in blood 
pressure was greatest from the ileum, somewhat less from the duo- 
denum, and much less, though still perfectly definite, from the cecum 
and stomach. The liver exerted a protective function which was probably 
more mechanical than chemical. When the mucous membrane was 
damaged by cutting off the blood supply for from five to fifteen min- 
utes, the absorption took place at first with a rush and then almost 
ceased. Although Ingvaldsen, Whipple and others ** admitted that a 
small amount of histamine was present in the content of obstructed 
bowel, they believed it insufficient to contribute to its toxic nature. 
Koessler and Hanke ** fed dogs and guinea-pigs a known amount of 
histamine dichloride and examined the intestinal contents, intestinal 
walls and the liver for it. The animals were killed after a certain period 
of time. The histamine passed into the intestinal wall as such, for it 
was found there; it was also found in the liver. Over half of the amine 
was absorbed within two hours, and yet enormous quantities of his- 
tamine could be introduced into the stomachs of the animals without 
eliciting a marked systemic reaction. A small fraction of the histamine 
appeared in the intestinal wall and a small amount in the liver. If all 
the histamine that disappeared from the alimentary tract were cast into 
the general circulation it would certainly have led to a marked reaction. 
It was shown that the liver capillaries were no more effective than the 
capillaries of the lower extremity in protecting an animal against intoxi- 
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cation from histamine. In the studies of the intestinal tract, therefore, 
the capillary network must act as a buffer. The histamine was perhaps 
rendered pharmacologically inert in its passage through the wall of the 
intestine. Hashimoto *® demonstrated that the nonprotein nitrogen of 
the plasma could be raised from 50 to 94 per cent above the normal by 
acute histamine poisoning in dogs. He was unable to produce the com- 
plete picture of the toxemia of intestinal obstruction but believed he 
could partly do it. 

Wangensteen and Loucks *° placed histamine in normal and 
obstructed small intestine with and without strangulation. Although 
there was a great fall in arterial blood pressure following the release of 
a strangulating mechanism, they thought this was due to a substance 
liberated by the autolysis of the intestinal mucosa. They concluded 
that the absorption of histamine from the lumen of a strangulated seg- 
ment that was still viable did not appear to be great. 

Williams *' worked on the hypothesis that Bacillus welchii toxin 
was partly responsible for the toxemia in intestinal obstruction. He 
based his assumption on the similarity in the clinical picture to that of 
gas gangrene. He gave evidence of the proliferation of B. welchii in 
the small intestine in obstruction. He found the toxin present in the 
small intestine under similar conditions but not in the normal small or 
large intestine. He materially reduced the case mortality in human 
intestinal obstruction and peritonitis by the therapeutic use of B. welchit 
antitoxin. 

Clinical confirmation of this important work has been delayed owing 
to the difficulty in obtaining B. welchii antitoxin. Morton and Stabins,** 
however, showed experimentally in dogs that there was a. protective 
action of B. welchii antitoxin when combined with surgical procedures. 
The antitoxin seemed to be specific in its action. Stabins and Kennedy ™ 
demonstrated the almost constant presence of B. welchii in the loops of 
bowel above the obstruction. Kendall and Schmitt ** isolated a hista- 
mine-like growth product from cultures of the gas bacillus. Kendall and 
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Varney ** were able to produce slow but progressive contractions of the 
intestinal muscles on application of histamine and this histamine-like 
product of the Welch bacillus to the mucosa. This pointed to a definite 
but slow absorption from the lumen of the intestine through the mucosa. 
Ordinarily these substances would be taken away through the blood 
stream as fast as they were absorbed. The addition of a weak alkali 
accentuated both the rate and height of the contractions. Scholefield *° 
claimed that a neutral or a slightly alkaline medium was necessary for 
the best growth of B. welchti. Habler *® exhibited by chemical studies 
a factor which worked for blood alkalosis. 


There has been much speculation and experiment as to the pathway 
of absorption of the toxin from an obstructed intestine. Attempts to 
isolate the toxin from the blood have resisted all efforts except in ani- 
mals almost in the throes of death. Under such circumstances, Sugito ** 
and Scholefield ** have found blood from the portal vein toxic for mice. 
Most investigators agree that the blood of animals with obstruction is 
harmless on injection into other animals. Absorption by the lymphatics 
has been postulated by another group of investigators. Costain ** 
believed that he had demonstrated the toxins by the collection of lymph 
from the thoracic duct. Schulze *® showed a hemorrhagic infarction of 
the mesenterial lymph channels and more or less outspoken blood throm- 
boses in strangulation obstruction. The preparations revealed beauti- 
fully both the lymphatic and vascular channels. Murphy and Brooks *° 
collected toxic blood-tinged material from a fistula of the thoracic duct 
when the intra-intestinal pressure was increased in a closed intestinal 
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loop. Chenut ** concluded that the blood was not toxic in experimental 
occlusion but that the lymph was toxic at times. He thought that the 
toxins were in the main absorbed by the peritoneum and not by vascular 
or lymphatic channels. He showed experimentally that absorption was 
practically nil when the obstructed loops were put in an extraperitoneal 
position. He called attention to the great friability of the mucosa of 
the obstructed intestine. There was never death, in his opinion, without 
alteration in the intestinal wall, manifested first as gangrene on the tips 
of the villi. The poisons worked directly through these areas and 
through the wall to the peritoneum where they were absorbed. 

Lawen * obtained a marked fall in blood pressure with little or no 
tendency toward recovery to normal when he “stripped” an intestine 
after ileus of twenty-four hours’ duration. A proportion of his animals 
died. He conjectured that a poison which had gathered in the intestinal 
wall was thus forced quickly into the blood stream and caused central 
poisoning. 

Schonbauer and Loffler °* also claimed that the toxins and the 
tryptic ferments responsible for them could be demonstrated in the 
peritoneal exudates but Traum ** was unable to confirm their work. 

Many workers have insisted that pathologic changes must take place 
in the intestine before toxemia can occur (Brooks,** Eisberg,®* Gatch,™ 
Costain,*® etc.). 

The importance of increased intra-intestinal pressure has been 
stressed by van Zwalenburg,** Brooks,* Stone and Firor,®® Braeye,® 
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Gatch ** and others. Van Zwalenburg ** placed an electric light in the 
lumen of the intestine and studied the effects of distention on the blood 
vessels. At 30 mm. of mercury pressure, some of the capillary streams 
were arrested; at 60 mm., some of the small veins were arrested and 
the current slowed in most of them; at 90 mm., all blood streams were 
moving slowly, many not at all and some in reverse, and at 130 mm., 
all circulation ceased. If the pressure was kept at from 80 to 90 mm. 
for one hour, the intestine was enormously congested. These important 
observations were disregarded for a long time although it seems likely 
that they have the greatest practical bearing on the problem. 

Brooks ** and his co-workers said that the shorter loops were more 
toxic because of the distention pressure. 

Stone and Firor *® indicated that whereas the normal intestinal 
mucosa was permeable to water, salts, certain carbohydrates and the 
split products of the digestion of fats and protein, in obstruction toxic 
substances accumulated in greater quantity and concentration under 
greater pressure for longer periods than the normal. They argued that 
these conditions might modify the permeability. 

Braeye © concluded from further study that the mounting pres- 
sure within the bowel was an important factor in the absorption of the 
toxins. This pressure, however, delayed the circulation and slowed the 
dissemination of the poisonous material. A latent period of from ten 
to twenty hours was necessary before sufficient fluid accumulated in 
the bowel to increase the intra-intestinal pressure. The toxic properties, 
as a rule, required more than thirty-six hours to develop. 

Gatch and others ** repeated van Zwalenburg’s ** observations and 
confirmed them. They cannulated the mesenteric veins returning from 
a closed loop and measured the minute volume flow under experimental 
intra-intestinal pressure. When the gas pressure exceeded the blood 
pressure of the animal, there was still a residual blood flow from the 
mesenteric veins although all the vessels of the bowel wall were occluded. 
This was possible because of anastomoses through the vessels in the 
mesentery. The antimesenteric border of the bowel wall was entirely 
blanched when the gas pressure was equal to the blood pressure. On 
release of the gas pressure, the blood flow through the bowel wall was 
at times greater than normal. 

Although there is conflicting evidence pointing toward the origin of 
the toxin and its pathway of absorption, it seems to me that the differ- 
ences in toxicity in high and low intestinal obstruction in the dog can be 
explained on an anatomic and physiologic basis. 


61. Gatch, W. D.; Trusler, H. M., and Ayres, K. D.: Effects of Gaseous 
Distention on Obstructed Bowel: Incarceration of Intestine by Gas Traps, Arch. 
Surg. 14:1215 (June) 1927. 
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Experiments limited to two regions—the lower. duodenum beyond 
the pancreatic and bile ducts, and the terminal ileum—were under- 
taken to test this theory. Equally measured segments of these regions 
were compared in dogs by Morton and Sullivan.** Ether anesthesia 
was used throughout. The blood supply was injected through the 
thoracic aorta with Hill’s barium mixture and roentgen exposures were 
made of segments of the duodenum and ileum (fig. 1). Segments were 
also run through alcohol and cleared in oil of wintergreen according to 
Spalteholtz’s technic (fig. 2). This gave a comparison of the arteries 
and larger vessels in the loops. Other animals were given similar 
injections with india ink in order to obtain a picture of the capillaries. 
The blood supply of obstructed, closed, equal-sized loops of duodenum 
and ileum was likewise injected with india ink (figs. 3, 4 and 5). The 
gross appearance of the cleared, barium injected bowel showed 























Fig. 1—In this figure is shown: J, the barium injected vessels of the ileum of 
the dog; 2, the barium injected vessels of the duodenum of the dog. 


a more rich supply of arteries in’ the duodenum than in 
the ileum. The roentgen exposures confirmed this. There was also a 
much richer capillary network in the duodenal villi and a wider more 
extensive anastomosis all through the duodenal wall. The duodenal villi 
appeared more plump and closer together than the long, slender graceful 
villi of the ileum. Under conditions of closed loop obstruction the 
duodenal villi were flattened out so that the capillary loops formed a 
dense dilated mat with overdistention of the vessels immediately below 
the mucosa. The ileum under similar circumstances showed less effec- 
tive “ironing” down of the villi and less submucosal engorgement. 
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In all the animals studied, the duodenum was much larger in caliber 
than the ileum. The duodenum also appeared to be more capable of 
withstanding strain and pressure. The walls were thicker and the mus- 
culature more pronounced. The surface area of the mucosa measured 
without regard to the foldings of the villi averaged a little more than a 
ratio of 3:2 in favor of the duodenum. 

The secretion rates of the duodenum and ileum were compared. Two 
methods were employed. In the first experiments a loop was isolated 





Fig. 2—Drawings from antimesenteric border of specimens of the duodenum 
and ileum of the dog. The blood supply was injected with a barium mixture and 
the intestine cleared according to Spalteholtz’s technic. The arteries and arterioles 
are much more numerous in the duodenum. 


by placing a tape across the lumen, and dividing the bowel 10 cm. below 
the tie. The proximal end was then closed around the tube which 
drained into a rubber bag attached outside the body wall. The distal 
loop was turned in and a side to side anastomosis made above the tape 
tie. In this way segments of duodenum and ileum 10 cm. in length 
with intact mesenteries were connected with rubber balloons outside the 














Fig. 3.—In J is shown the blood supply of the dog’s duodenum injected with 
india ink and cleared. The richness of the capillary bed is well shown, especially 
in the villi. In 2 is shown the effect of increased intra-intestinal pressure on the 
duodenum in an obstructed loop. The villi are compressed and the submucosal 
vessels are distended. The capillary loops show intact walls; « 50. 





Fig. 4—In J is shown the blood supply of the dog’s ileum injected with india 
ink and cleared. The villi are long and slender. 
as in the duodenum. 


The blood supply is not so rich 
In 2 is shown the effect of obstruction. There is flattening 


down of the villi, but the effect is not so marked as in the duodenum when 
obstructed for the same length of time; x« 50. 
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body and the continuity of the intestine reestablished above these loops. 
The duodenum secreted from five to ten times more fluid than the ileum 
in the same period of time. This was a fairly constant observation in 
experiments of this type. Occasionally, the tubes became clogged with 
a thick mucous-like secretion so that the measurements could not be 
recorded. It was considered more accurate to make simultaneous equal 
closed loops of duodenum and ileum and to measure the amount of fluid 





~ 

















Fig. 5.—In this figure is shown: 7, normal ileum with its blood supply injected 


with india ink and cleared, low power photomicrograph; 2, the same showing the 
effects of obstruction; x 12. 


excreted into each under these conditions. The continuity of the 
intestine was interrupted in these instances by two tapes tied across a 
10 cm. segment of duodenum, and by a similar arrangement in the ileum. 
Every twenty-four hours the animals were anesthetized, the contents 
of the closed loops aspirated, measured and returned to their respective 
segments. A report of one experiment which was typical for others of 
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the same type will be given. At the end of twenty-four hours the 
duodenal loop contained 5 cc. of fluid, whereas the ileum had only 0.5 cc. ; 
at the end of forty-eight hours, there was 10 cc. of fluid in the duode- 
num and 1 cc. in the ileum; and at seventy-two hours, the duodenum 
held 30 cc. and the ileum only 2 cc. The difference between the dis- 
tended, bluish, engorged duodenal loop and the flabby, apparently normal 
ileal loop was striking. 

It was apparent from these observations that the secretion rate in 
the duodenum was much greater than in the ileum. 

The intra-enteric pressure was recorded by a water manometer in a 
few experiments and confirmed the observations of Owings, McIntosh, 
Stone and Weinberg.®* These investigators noted that the normal 
intra-intestinal pressure varied between 2 and 4 cm. of water. There 
was only a slight rise in this pressure for the first twenty-four hours 
following operation. During the second twenty-four hours of obstruc- 
tion the sustained pressure remained between 6 and 8 cm. of water, 
while the degree of pressure reached at the maximum of peristalsis rose 
considerably. In dogs with high obstruction this pressure varied from 
30 to 45 cm., while it generally took until the third day for the pressure 
in the dogs with low obstruction to reach this same level. Periods of 
violent peristalsis came on earlier and were more frequent in animals 
with high obstruction than in those with low obstruction. The pressure 
in isolated loops reached a higher degree (70 cm. of water) than that in 
dogs with simple intestinal obstruction. In our animals with simulta- 
neous closed duodenal and ileal loops of equal length, the pressures were 
recorded and indicated a marked increased tension in the high loops. 
A typical example gave the normal pressure for a ligated closed loop of 
duodenum, immediately after closure of the abdominal wall, as 5.5 cm. 
of water; for a similar closed loop of ileum, it was 5 cm. of water. At 
the end of twenty-four hours, the pressure in the duodenal loop recorded 
between 28 and 36 cm. of water depending on peristaltic conditions, 
whereas the ileal loop still measured only 4.5 to 5 cm. of water pressure. 
After forty-eight hours, although a leakage had occurred alongside the 
stem of the duodenal cannula, the pressure within the loop still ranged 
from 12 to 18 cm. of water. The ileum at this time still showed only 
from 5 to 6 cm. of pressure. The animal was then killed to verify the 
condition of the two regions. 

The bursting pressures of equal segments of duodenum and ileum 
were compared according to the method devised by Cutting,®* with the 
exception that compressed air was used instead of the pump. His 


63. Owings, J. C.; McIntosh, C. A.; Stone, H. B., and Weinberg, J. A.: 
Intra-Intestinal Pressure in Obstruction, Arch. Surg. 17:507 (Aug.) 1928. 

64. Cutting, R. A.: The Relative Mechanical Strength of Enterostomies Per- 
formed With and Without Clamps, Arch. Surg. 17:658 (Oct.) 1928. 
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observations on the strength of the intestine were confirmed. There 
was a moderate variation in the results obtained, but in general the 
amount of force necessary to cause rupture of the segment was approx- 
imately the same. Both duodenum and ileum usually resisted air pres- 
sure of well over 500 mm. of mercury. Rupture most often took place 
on the antimesenteric border near the ligature. By variation in the tie, 
more pressure could be sustained, but there was too little differences 
between the duodenum and ileum to be significant. 

Both the duodenum and ileum could stretch considerably in length 
and circumference. The ileum could perhaps lengthen and distend 
slightly more than the duodenum. It seemed from a limited set of 
experiments that the ileum could double in width and lengthen almost 
half its original length before rupture, whereas the duodenum could 
increase only about two thirds of its original width and could lengthen 
only one third of its original length. 

It seems probable that the reasons for the greater toxicity of high 
obstructions over low obstructions lies in the anatomic and physiologic 
differences between these two areas of bowel. The high obstructions 
also represent a short loop instead of the whole length of the small 
intestine. This shorter segment has everything in its favor for a more 
rapid absorption and toxemia. The secretory rate is much more pro- 
nounced and the increase in intra-enteric pressure much more rapid, 
whereas the distensibility is perhaps slightly less than for low bowel. 
This is true even if the bile, pancreatic and gastric juice be excluded 
from the picture, but there is every reason to believe that the pressure 
and toxicity would be greater if they functioned. 

From this study of the anatomy and physiology and from evidence 
already published in the literature, it is possible to picture a theoretical 
sequence of events in the development of the toxicity in intestinal 
obstruction. 

There is first a latent period of varying duration during which no 
symptoms are manifest. In this time, fluid is being secreted into the loop 
and bacterial growth is taking place. 

Histamine or histamine-like bodies are formed and taken up into the 
intestinal wall.*° The capillaries become distended and the circulation 
slowed. The bowel at this stage shows “the dusky flush of capillary 
congestion and a network of venules filled with dark blood” so aptly 
described by Dale.* 

There is a loss of fluid from the capillaries into the tissue spaces 
giving the soggy edematous bowel found at this time. This fits well 


65. Gerard (footnote 35). Meakins and Harrington (footnote 36). Koessler 
and Hanke (footnote 38). 

66. Dale, H. H.: Capillary Poisons and Shock, Bull. Johns Hopkins Hosp. 
31:257, 1920. 
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with Dale’s description that “within a few minutes of the injection 
of histamine as much as one half the plasma may have passed from the 
vessels, probably leaving many of the capillaries clogged with a viscid 
corpuscular cream. . . . A large number of bacterial products 
exhibit this type of action, including both soluble products and substances 
liberated only by lysis of the bacteria.” 

Alteration in the capillary tone leads to stasis and lack of oxygen. 
Landis * has shown how effective this oxygen lack is in causing a 
marked increase in permeability of the capillary bed. Tremendous 
osmotic pressure is thus developed toward the capillary loops. The 
intra-intestinal gaseous and fluid pressure also increases greatly. 

Whatever toxins are present in the lumen or mucosa cells may be 
forced thus into the intestinal wall by some route—blood vessels, lym- 
phatics, directly through cells or intercellular spaces—the exact 
mechanism being still an open question. Fisher and Moore ® have 
shown that by changes in the blood salts, the cells of the intestinal 
mucosa can be altered so as to become permeable to substances to which 
they were once impermeable. The influence of increased hydrostatic 
pressure is shown by the fact that the amount of absorption by the blood 
vessels of the peritoneum as measured by salt solution can be more 
than doubled if large amounts are introduced into the peritoneum under 
pressure (Bolton *°). 

The toxins remain in the wall which has a circulatory and lymphatic 
stasis so that they cannot be removed. They are retained as in a sponge. 

Increasing intra-intestinal pressure eventually squeezes the toxins 
out into the systemic circulation. 

Necrosis is probably not necessary but may accelerate the process by 
exposing the capillary loops to direct action of the poisons. There is 
no doubt that large colloidal poisons will pass the capillaries in the peri- 
toneum for instance (Bolton *°), and once the epithelial barrier is down 
the same probably holds for the intestine. The injections with india ink 
show that the capillary loops remain intact even under considerable intra- 
intestinal pressure in closed loop obstructions. On the other hand, it is 
more than likely that the absorption rate is less the more the damage to 
the mucosa. It would be strange if the defensive reaction of the body 
were to fall down and not wall off absorption from a necrotic area by 


67. Dale, H. H.: The Activity of the Capillary Blood Vessels and Its Relation 
to Certain Forms of Toxaemia, Brit. M. J. 1:959 and 1006, 1923. 

68. Landis, E. M.: The Effect of Lack of Oxygen on the Permeability of the 
Capillary Wall to Fluid and to Plasma Proteins, Am. J. Physiol. 83:528, 1928. 

69. Fisher, M., and Moore, G.: On Glycosuria and the Alimentary Excretion 
of Carbohydrate, Am. J. Physiol. 19:314, 1907. 


70. Bolton, C.: Absorption from the Peritoneal Cavity, J. Path. & Bact. 24: 
429, 1921. 
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thrombosis. When necrosis goes all the way through the wall, however, 
absorption becomes possible from the peritoneal side and rupture of the 
loop with rapidly fatal peritonitis gives another angle to the picture. 

The course as outlined would explain the rapid toxemia following 
release of an obstructed strangulated segment. It is well established 
that the toxins formed in the occluded bowel are not absorbed by the 
normal intestine below. The reestablishment of blood and lymphatic 
circulation usually with hyperemia would rapidly wash out the retained 
toxins. It would also account for the bad results from much handling 
of the soggy obstructed bowel, and would explain the fatalities from the 
equally bad practice of stripping the loops of their contents.** It would 
indicate why the use of physostigmine (eserine) or other violent acting 
peristaltic drugs should be avoided. Even after a long period of obstruc- 
tion, the bowel musculature appears to retain its irritability to stimuli 
of this kind (Frey, McIntosh and Owings **). It would explain the 
more rapid course in obstruction after injection of pilocarpine due to 
the more rapid fluid secretion pressure (Roger *). 


CONCLUSIONS 

High intestinal obstruction is more toxic than low intestinal obstruc- 
tion, because of anatomic and physiologic differences, as shown by tests 
in the duodenum and ileum of the dog. 

These consist in a greater capillary bed in the duodenum which may 
take up and retain larger amounts of poison than a similar ileal loop. 

There is a much greater fluid secretion rate in the duodenum than in 
the ileum. 

This leads to a higher intra-enteric pressure. 

The possibility of pressure necrosis and perforation is greater in the 
duodenum than in the ileum. 

The increased intra-enteric pressure squeezes out the retained toxins 
into the general circulation faster than the body can detoxify them. 

The bursting pressures of equal sized segments of duodenum and 
ileum are practically equal. 

In simultaneous, equal, closed loop obstructions of duodenum and 
ileum in which a lethal outcome is allowed to take place if perforation 
occurs, the perforation is always in the duodenum and not in the ileum. 

This is an index of the greater secretory hydrostatic pressure devel- 
oped in the high segments. 

The exact pathway of absorption of the toxins still remains a 
question. 


71. Frey, S.: Experimenteller Beitrag zur Prophylaxe und Therapie der 
Darmlahmung, Arch. f. klin. Chir. 142:445, 1926. 

72. McIntosh, C. A., and Owings, J. C.: The Effect of Solutions of Pituitary 
and Various Drugs on the Movements of the Small Intestine During Simple 
Mechanical Obstruction, Arch. Surg. 17:996 (Dec.) 1928. 
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EXPERIENCES WITH CORDOTOMY * 
GILBERT HORRAX 


The term cordotomy, as applied to the operation of that name, 
although theoretically meaning an incision anywhere into the spinal cord, 
is now generally considered to refer to an incision which divides the 
anterolateral fiber tracts. This procedure was devised by Spiller, in 
1912, to relieve intractable pain in the legs or lower part of the body, 
and in the same vear the operation was performed for the first time by 
Martin. In 1920, and again in 1923, Frazier * reported two different 
series of cases in which he had performed the operation. 


In each series 
the results were largely successful. 


Reports by other surgeons have 
appeared since those of Spiller and Martin and of Frazier, notably the 
ones of Leighton * in 1921; of Peet * in 1926, and of Foerster ° in 1927. 
Also, in 1927, a complete review of the subject with the report of a large 
series of cases was published in monograph form by Banzet.®° The gen- 
eral tone of all these articles is highly optimistic, since in the majority of 
instances the operation accomplished the desired result. 

To review briefly the physiology concerned in the situation, it may be 
said that the sensations of pain and temperature are carried up in the cord 
in the anterolateral columns on either side. Fibers carrying these sensa- 
tions enter the cord through the various posterior roots, and after ascend- 
ing from three to five segments in the gray matter of the same side, 
cross to the opposite anterolateral column, thence continuing upward 
until they reach their end-stations in the brain.’ 

* From the Surgical Clinic of the Peter Bent Brigham Hospital. 

1. Spiller, W. G., and Martin, Edward: The Treatment of Persistent Pain of 
Organic Origin in the Lower Part of the Body by Division of the Anterolateral 
Column of the Spinal Cord, J. A. M. A. 58:1489 (May 18) 1912. 

2. Frazier, C. H.: Section of the Anterolateral Columns of the Spinal Cord 
for the Relief of Pain, Arch. Neurol. & Psychiat. 4:137 (Aug.) 1920. Frazier, 
C. H., and Spiller, W. G.: Section of the Anterolateral Columns of the Spinal 
Cord (Chordotomy), Arch. Neurol. & Psychiat. 9:1 (Jan.) 1923. 

3. Leighton, W. E.: Section of the Anterolateral Tract of the Cord for the 
Relief of Intractable Pain Due to Spinal-Cord Lesions, Surg. Gynec. Obst. 33:246 
(Sept.) 1921. 

4. Peet, M. M.: The Control of Intractable Pain in Lumbar Region, Pelvis 
and Lower Extremities by Section of the Anterolateral Columns of the Cord 
(Chordotomy), Arch. Surg. 13:153 (Aug.) 1926. 

5. Foerster: Arch. f. Psychiat. 81:77 Sept.) 1927. 

6. Banzet: La cordotomie, Paris, 1927, Librairie Louis Arnette. 

7. Foerster (Die Leitungsbahnen des Schmerzgefiihls und die chirurgische 
Behandlung der Schmerzzustande, Berlin, Urban and Schwartzenberg, 1927), 
according to a review in the Brit. J. Surg. 16:172 (July) 1928, states that the pain 
fibers require only one segment to reach their position. 


This statement seems to 
be borne out in some of the cases here reported. 
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If pain is, and is expected to be, entirely unilateral, only the contra- 
lateral anterolateral tract need be sectioned ; whereas if pain is present 
on both sides, both tracts must be incised. Since fibers entering the cord 
do not cross until they have ascended several segments in the gray matter 
of the same side, the operation must be performed at a level at least 
five segments above the segment level of the pain.’ The highest level 
theoretically at which section of the anterolateral column could be made 
safely in order to avoid a possible phrenic complication would be at the 
sixth cervical segment. The operation, therefore, is limited on these 
grounds to patients having pain at or below the third dorsal segment, 
i.e., for pain in the trunk, pelvis and legs. The vast majority of patients, 
however, for whom cordotomy is indicated have pain in the legs or pelvis, 
and for pain in these situations the most convenient level surgically for 
a laminectomy may be chosen, namely, the middorsal region. Some of 
the more frequent conditions for which cordotomy may be indicated are : 
inoperable or metastatic carcinoma of the pelvic or abdominal organs ; 
metastatic carcinoma of the spine; post-traumatic root pain from gun- 
shot wounds or fractures of the spine ; gastric crises and other pains due 
to tabes, either abdominal or in the lower extremities ; postmyelitic root 
pains, and inoperable tumors of the spinal cord. 

The technic of the procedure has been described carefully in the 
articles by Frazier, Peet, and Banzet, therefore, the details will not be 
repeated here. Suffice to say that a laminectomy of three vertebrae over 
the desired site gives ample room for the cord incision. After opening 
the dura and arachnoid, the dentate ligament on one side is grasped 
and the cord gently rotated sufficiently to give access to its anterolateral 
surface. The tract may then be sectioned either by including it in the 
curved needle designed by Frazier and cutting through the fibers thus 
held, or a straight, narrow knife may be inserted directly inward to a 

depth from 3 to 3.5 mm. at the pial reflection of the dentate ligament, 
and the section made by bringing the blade out to the surface at the level 
of emergence of a motor root, thus incising the anterolateral quadrant of 
cord in which the pain fibers are situated (fig. 1). The same procedure 
is carried out on the opposite side if a bilateral cordotomy is desired, the 
section being made at a slightly higher or lower level as convenient. By 
keeping anterior to the insertion of the dentate ligament, the pyramidal 
tract is avoided (fig. 2). If a posterior root is in the way it may be 
sacrificed, and the same is true of a motor root throughout the dorsal 
region. Little or no bleeding, at most a drop or two, follows the cord 
incision. The operation ordinarily may be performed under procaine 
hydrochloride anesthesia, although in some patients a few moments of 
gas-oxygen inhalation may be desirable when the intrathecal procedures 
are about to be carried out. 
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Fig. 1.—Incision of anterolateral column after rotating cord by traction on the 
dentate ligament (from Peet: Arch. Surg. 13:156 [Aug.] 1926). 
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Fig. 2—Segment of cord incised, avoiding pyramidal tract which lies posterior 
to insertion of dentate ligament. The area incised should probably extend even 
further medially (modified from Peet: Arch. Surg. 13:156 [Aug.] 1926). 
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It is only by the gradual accumulation and report of individual 
experiences, together with a record, so far as possible, of the end-results, 
that the indications for, and the efficiency of, any operation may be 
judged. It is with these facts in mind that the present series of eight 


cases is recorded. The reports are in chronological order dating from 
August, 1923. 


The first case is, in many respects, the most interesting one in the 
series. Representing as it did my initial experience with the operation, 
some of the good features and some of the difficulties are illustrated. 


REPORT OF CASES 


CasE 1.—History—P. M., a woman, aged 52, referred by Dr. G. F. Dow of 
Reading, Mass., was first admitted to the hospital on Aug. 1, 1923, with the com- 
plaint of pain in the left hip and down the left leg. Three sisters and one daughter 
of the patient were said to be “bleeders.” Twenty-four years ago she had had 
infected glands excised from her right axilla, and in the same year she had 
fractured her coccyx which was removed shortly afterward. She began having 
pain in the left hip and down the left leg in 1919. The pain was not relieved by 
local measures nor by osteopathic manipulations during the next year. In 1921, 
a uterine fibroid was removed without influencing her pain. From August, 1921, 
until November, 1922, she was under the care of a competent orthopedic surgeon, 
and during this time she spent eight weeks in a plaster cast, still with no relief 
from pain. She then went home and was confined to bed until she entered the 
3righam Hospital on the medical service in May, 1923. 


Physical Examination.—Aside from some secondary anemia, the only positive 
observation was hypertrophic arthritis of the lumbar spine shown by roentgen 
examination. Neurologic studies including lumbar puncture revealed no evidence 
of a tumor of the cord, and she was transferred to the surgical service for the 
relief of her pain with the diagnosis of “sciatica; chronic hypertrophic arthritis of 
the spine.” She was having morphine daily. 

As a precautionary measure, in order to get some idea as to whether a spinal 
section would relieve her pain, she was given spinal anesthesia with procaine 
hydrochloride on Aug. 21, 1923. This relieved her completely for several hours, so 
the operation seemed indicated. 


Operation—Aug. 27, 1923: Right cordotomy was performed. The spines and 
laminae of the seventh and eighth dorsal vertebrae were removed and the right 
anterolateral tract of the cord was incised at the level of the seventh dorsal spine. 
The fibers were included within the hook designed by Frazier, and cut through 
with his special curved knife. After this procedure a bougie was passed down 
between dura and arachnoid to the end of the spinal canal. As no obstruction was 
met, it was assumed that tumor was finally ruled out. 

August 28: The patient was free from pain. Examination showed complete 
loss of pain sense over the whole left leg, hip and groin, up to the level of the 
tenth dorsal segment (fig. 3). Temperature sense was slightly impaired over the 
same area. The right leg could be moved freely showing that the pyramidal 
tract had not suffered. 

September 17: There had been no pain since the operation. On this day, she 
began walking a little with assistance. This was the first time she had been up 
and about for two years. 
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September 26: The patient was discharged, free from pain, and not having 
taken morphine since the operation. 
She remained free from pain on the left side, but in November, 1923, she 


began to have pain in the right foot and leg. This became severe in June, 1924, 
so that she reentered the hospital to have the other side of her cord incised. This 


was accomplished at the level of the previous operation under procaine hydro- 
chloride anesthesia on July 2, 1924. 
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iq Fig. 3 (case 1).—Analgesia after first cordotomy at level of seventh dorsal 
1 spine. 
- 
i July 25: She was discharged free from pain. Analgesia extended up to a 


rather indefinite level between the seventh and tenth dorsal segments, but was 
much more complete on the left side (fig. 4). 

March 5, 1925: She returned to the hospital complaining of pain again on the 
right side in the hip and thigh. Evidently the last cordotomy had not been com- 
plete. Examination showed complete analgesia on the left side as before, but on 
the right it was complete only over the sacral segments, the area above this up to 
the ninth dorsal being somewhat hyperesthetic. 

March 12: The third cordotomy was performed. The old incision was 
reopened with the patient under procaine hydrochloride, and the left anterolateral 
tract once more incised after including it within the special curved hook. 
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April 11: She was discharged. Analgesia now extended up to the third tumbar 
segment on the right side (fig. 5). 

She returned once more to the hospital on Oct 25, 1926. The pain had been 
relieved until six months previously, since when it had returned, not only on 
the right, but to some extent in the left leg as well. Sensory examination at this 
time showed an unaccountable alteration of the observations previously recorded. 
There was complete analgesia of the right leg below the knee, and in this area 





Fig. 4 (case 1).—Partial and complete analgesia after second cordotomy. 


she had no pain. On the left there was now only partial analgesia over the thigh 
and lower part of the abdomen, while the left leg below the knee was actually 
hyperesthetic (fig. 6). 

Nov. 4, 1926: <A fourth cordotomy was undertaken with the patient under 
procaine hydrochloride and gas-oxygen anesthesia. At this session, bilateral sec- 
tions of the cord were made at the former level after going through the old 
operative scar. She was discharged on November 28. Sensory examination 
showed that she once more had a complete analgesia on the left side up to the 
eleventh dorsal segment, but on the right it was complete only over the sacral and 
lower lumbar levels. There was no pain on the left side, but at times a very slight 
pain in the right hip. 

This slight pain in the right hip continued and was sufficiently annoying so that 
it was decided to make one more attempt to section all the fibers of the left tract. 
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June 14, 1927: The fifth and final cordotomy was performed with the patient 
under procaine hydrochloride and gas-oxygen. The upper part of the old scar was 
reopened, and in addition, the fifth and sixth dorsal spines and laminae were 
removed in order to get a fresh field in the cord. On this occasion a narrow, 
straight knife was substituted for the curved hook and knife, the anterolateral tract 
on the left side being incised to a depth of nearly 4 mm. 

July 13: She was discharged entirely free from pain on both sides. Sensory 
examination showed complete bilateral analgesia up to the ninth dorsal level 
(fig. 7). 

Up to the present time (October, 1928), she has remained free from pain. 
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Fig. 5 (case 1).—Extent of analgesia after third cordotomy. 


Comment.—This long suffering and extraordinarily patient woman 
deserved to have an easier road to a painless existence than was meted 
out to her. Certain important lessons, however, may be drawn from a 
backward glance over her record. In the first place, a bilateral cor- 
dotomy no doubt should have been performed at the original session, as 
her underlying condition involved both sides of the spine, although pain 
was confined to the left hip and leg. If the almost inevitable progression 
had been foreseen she might have been saved at least one of her opera- 
tions. Secondly, this case illustrates well the difficulty of including all 











HORRAX—CORDOTOMY 1147 


of the anterolateral tract fibers within a curved hook 2.5 mm. deep. It 
was not until a straight knife was inserted to a depth of nearly 4 mm. 
that satisfactory anesthesia was finally, and it is to be hoped, perma- 
nently, secured. Lastly, it is a rather favorable comment on the effi- 
cacy of the procedure that a patient should return voluntarily four times 
for a repetition of the operation. 

The second case was that of one of several syphilitic persons in the 
series. The patient was referred from the medical service after pro- 
longed courses of antisyphilitic treatment had failed to relieve his pain. 
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Fig. 6 (case 1).—Change in sensory fields just before fourth cordotomy. 


Case 2.—History.—S. B. F., a man, aged 59, referred by Dr. O. G. Tinkham 
of Boston, was admitted to the hospital on Feb. 11, 1924, complaining of “lightning 
pains in legs and shoulders.” He had acquired a gonococcal and syphilitic infection 
at the age of 20. In 1911, at the age of 46, he began having lightning pains in the 
body, arms and legs. In 1917, his condition was first diagnosed as tabes, and he 
was given a course of treatment although his Wassermann reactions of the blood 
and spinal fluid were negative. There was some improvement in his pain and in 
his general symptoms. He had been intermittently incontinent for two years 
before this treatment. From 1917 to the time of his admission to the hospital, he 
had had many intravenous and intraspinal arsenical treatments, as well as courses 
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of mercury, and iodides. His general symptoms progressed only slightly but his 
pains became gradually more severe. 

Physical Examination—His right pupil was larger than the left, and neither 
showed any reaction to light. There was loss of muscle sense in both lower 
extremities, and he was incontinent of urine. He had a positive Romberg’s sign 
and a typical tabetic gait. The knee and ankle reflexes were absent bilaterally. 
Varicose veins were present in both legs and the right leg was edematous. 

O peration—Feb. 27, 1924: First stage laminectomy for cordotomy was per- 
formed with the patient under ether anesthesia. The operation was carried only 





Fig. 7 (case 1).—Bilateral complete analgesia after fifth cordotomy. 


to the exposure of the dura, as the patient’s blood pressure fell unaccountably to 
70 mm. over 58 mm. during the initial stages of the procedure. The spines and 
laminae of the fifth, sixth and seventh dorsal vertebrae were removed. Closure 
was then made in layers with fine silk. 

Second-Stage Operation—March 1, 1924: Bilateral cordotomy was performed 
with the patient under novocain anesthesia. The wound was reopened and the dura 
incised. A thick, opaque and extremely adherent arachnoid membrane presented. 
This had to be dissected away carefully from the cord and from the posterior 
roots. The anterolateral tracts were sectioned on both sides at a point about on a 
fevel with the sixth dorsal spine. Frazier’s curved needle and knife were used, 
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the tracts being included to the full depth of 2.5 mm. The patient’s legs were 
tested on the operating table immediately after each section. He said he felt no 
pain on either lower leg after vigorous pin-pricks. 

He made a rather slow general recovery from the operation. For several weeks 
his legs were swollen, and he complained of “dull aching” in the legs. He had, 
however, xone of his old shooting pains. The pain in his shoulders was of course 
uninfluenced by the operation. His bladder became infected and he had to have 
constant drainage and irrigations. He was up and walking about by May 1. His 
legs seemed somewhat generally weak, but were probably no more so than could 
be accounted for by his long sojourn in bed together with their previous general 





Fig. 8 (case 2).—Areas of partial and complete analgesia after cordotomy at 
level of sixth dorsal spine. 


weakness. For a short time he lost control of his rectal sphincter, but this 
gradually returned. He was discharged May 5, well pleased with his result. On 
June 3, 1924, his wife reported that he had no pain in his legs. His area of 
anesthesia, on discharge from the hospital, is shown in the chart (fig. 8). 


Comment.—This patient has been lost sight of despite several 
attempts to follow up the case; therefore, the final result is unknown. 
He was relieved of the lightning pains in his legs from March 1 to June 
3, 1924, a period of three months, and this although the area of analgesia 
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was complete only in the left leg below the knee, and partial up to the 
eighth dorsal segmental level. The case illustrates a fact which was 
true of other syphilitic persons in the series, namely, that after an oper- 
ation on the spinal cord an existing urinary or bowel sphincter difficulty 
may be made considerably worse temporarily. 

The third case to be reported was the only one of the kind in the 
series, namely, an inoperable, recurrent tumor of the spinal cord. 


Case 3.—History.—E. V. K., a woman, aged 39, referred by Dr. R. Hinchey 
of Waltham, Mass., was admitted to the hospital on April 4, 1924, complaining of 
pain down both legs. She had been operated on at the Peter Bent Brigham Hos- 
pital in August, 1922. At that time, a diffuse, vascular tumor was disclosed in 
the lumbar region of the cord. Fragmentary removal only was possible as the 
growth involved extensively the nerve roots on the right side. Both before and 
after this operation she had pain down the right leg. This continued despite 
intensive deep roentgen therapy. Finally she was given morphine in increasing 
amounts, and at the time of her present entry she was having 8 grains (0.52 Gm.) 
daily. Even this huge dose failed to relieve her more severe attacks of pain, which 
were now not only down the right leg but in the left as well. Her general condi- 
tion seemed good enough to warrant a life expectancy of at least six months. 

Operation—April 17, 1924: Bilateral cordotomy was performed with the 
patient under ether anesthesia. The spines and laminae of the third to the sixth 
dorsal vertebrae were removed. The arachnoid was thick and adherent to the 
cord. The anterolateral tracts on both sides were sectioned at a level between the 
fifth and sixth dorsal spines. Both incisions were performed with Frazier’s 
curved hook and knife to the depth of 2.5 mm. 

April 18: Examination showed complete analgesia up to the seventh dorsal 
segment (fig. 9). She had no pain in her legs, but required morphine for pain 
at the site of operation. 

April 22: Morphine was reduced to % grain (0.0216 Gm.) from every six 
to ten hours, whereas before operation she had required 4% grain (0.0486 Gm.) 
every three hours. 

April 24: From this date onward no morphine was required. She had to be 
catheterized twice daily. 

April 27: A severe cystitis developed and the patient was put on constant 
drainage. On this date also she showed signs of a hypostatic pulmonary com- 
plication. 

The patient’s bronchopneumonia became aggravated and she died on May 3. Up 
to the last, she had none of her old pain down the legs. 


Comment.—The judgment used in this case was obviously at fault. 
Either the patient was in no condition to undergo an operation or her 
expectancy of life.was much shorter than had been surmised. She was, 
at all events, the one patient in the series for whom operation hastened 
death, there being perhaps slight consolation from the fact that her pain 
was relieved and that she required practically no morphine for the two 
weeks she survived. 

The fourth case is perhaps the most satisfactory in the series, and 
may be termed a perfect result. 
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Case 4.—History—H. P. P., a civil engineer, aged 50, was admitted to the 
hospital on Jan. 5, 1926, complaining of attacks of pain in the left flank. He was 
referred to the N. E. Deaconness Hospital by Dr. A. A. Cushing of Brookline, 
Mass. He acquired a syphilitic infection in 1912, and at that time received a 
course of treatment. In 1920 and 1922, and also at the time of his admission, the 
Wassermann reactions of the blood and spinal fluid were negative. 

In February, 1925, he had an attack of pain in the region of the left kidney. 
This was diagnosed as renal colic, and lasted three days. A similar attack 
occurred in July, 1925, which lasted one week and was characterized by severe 


Fig 9 (case 3).—Bilateral complete analgesia after cordotomy at level of fifth 
dorsal spine. 


pain associated with vomiting. Morphine was necessary for relief. Complete 
genito-urinary as well as gastro-intestinal studies were negative in September, 
1925. Intermittent attacks of the same type of pain occurred from July, 1925, to 
January, 1926, and slight pain in the left loin was present constantly. At the 
time he entered the hospital he was having a severe attack which had lasted two 
weeks. He was entirely incapacitated from work. He was seen by Dr. J. B. Ayer 
who believed that nothing further in the way of relief could be accomplished 
from the medical standpoint. In his opinion, the painful attacks were some type of 
renal or intestinal crises due to syphilis. Cordotomy was advised and accepted. 
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Operation.—Jan. 8, 1926: Right-sided cordotomy was performed with the 
patient under ether anesthesia. The spines and laminae of the second, third and 
fourth dorsal vertebrae were removed, and the dura incised. The arachnoid, as in all 
syphilitic persons, was found to be greatly thickened, opaque, and adherent every- 
where to the cord. Section of the right anterolateral tract was made with the 
curved hook and knife to a depth of 2.5 mm. at a level corresponding to that of 
the third dorsal spine. 

January 9: The patient was entirely free from pain such as he had prior to 
operation. There was some discomfort in the vicinity of the site of operation. 


Fig. 10 (case 4).—Extent of analgesia after unilateral cordotomy at level of 
third dorsal spine. 


There was no apparent weakness of the right leg. The deep reflexes were equal 
and normal at both knees and both ankles. 


January 14: He was entirely free from all pain. He had some difficulty in 
voiding and had to be catheterized daily. Two days later, he was voiding spon- 
taneously. On January 18, he was sitting up in bed. The stitches were removed 
on this day, and the wound found to be healed perfectly. On January 24, he was 
walking about the ward. He was conscious of no weakness of the right leg and 
had no pain whatever. He was discharged home on this day. Analgesia was 
complete on the left side up to the level of the tenth dorsal segment, and partial 
for one segment higher. Thermal sense over the same area was impaired, extremes 
of temperature being recognized, but warm and cool not differentiated (fig. 10). 
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Feb. 11, 1928 (two years after operation): The patient came in for examina- 
tion at request. He was in excellent spirits and had been at work steadily since 
two months after his operation. He had had no attacks of his previous pain. 
Sensory examination showed absolute loss of pain and thermal sensation below 
the tenth dorsal level on the left side. He was immensely grateful, and said that 
he would have been “finished” but for his cordotomy. 


Comment.—The interesting feature of this patient’s story, aside from 
the satisfactory result of treatment, is confined to speculation as to the 
nature of his attacks of pain. After careful urinary and intestinal tract 
studies, no abnormalities were disclosed and there has been no subse- 
quent evidence in other ways of a pathologic condition in either system. 
It has been assumed, therefore, that Dr. Ayer’s diagnosis of “renal 
crises of luetic origin’ was the most plausible explanation of the 
phenomena. 

The following case, the fifth in the series, was referred by Dr. Ayer 
shortly after he had witnessed the successful outcome of the preceding 
patient. Disappointment, however, instead of success was in store, and 
this without a technically accountable reason. 


Case 5.—History—T. F. K., a business man, aged 46, was admitted to the 
hospital on Jan. 20, 1926, complaining of pain, particularly in the legs, but also 
in the trunk and arms to a lesser degree. He had pleurisy at the age of 19, and 
a roentgenogram taken in 1923 showed an old fibrosed process in the left lung. In 
1898, he had a “sore throat” which was diagnosed as syphilitic, and he was treated 
with mercury and iodide. He said that he had not had a primary lesion. In 1913, 
his condition was diagnosed tabes dorsalis, and since that time he had had many 
vigorous and prolonged courses of antisyphilitic treatment. In 1920, he began 
having lightning pains in his knees. These pains continued, although at times they 
were somewhat reduced in intensity, and were always most persistent and severe 
in the lower extremities. He had lost much sleep and had had to be away from 
business a great deal because of pain. His vesical and rectal sphincters were 
becoming. spastic. 

Physical Examination—A considerably emaciated man with Argyll Robertson 
pupils, absent knee reflexes and a slightly positive Romberg’s sign was seen. 

Operation—Jan. 23, 1926: Bilateral cordotomy was perfcrmed with the 
patient under procaine hydrochloride and gas-oxygen anesthesia. The spines and 
laminae of the first, second and third dorsal vertebrae were removed, and after 
opening the dura, the usual thickened, adherent and meshlike arachnoid of the 
syphilitic person was disclosed. The cord itself appeared normal. The antero- 
lateral columns were sectioned on both sides by inserting the curved hook to its 
full depth of 2.5 mm. and dividing the fibers contained therein. On the right, the 


section was made at about the level of the first dorsal spine, and on the left, 
approximately 1 cm. lower. 


January 24: Examination revealed complete loss of pain sense over both legs, 


hips and lower part of the abdomen up to the lower end of the dressing. He could 
move both legs freely in all directions. 


February 1: He had two or three very uncomfortable days following operation, 
but on this date was fairly comfortable. He complained of peculiar sensations in 
his legs, but did not have his former pain. He had to be catheterized twice daily. 
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February 4: Sensory examination was carried out completely and revealed 
total analgesia up to the tenth dorsal segmental level on the right and to the 
eleventh dorsal on the left, except for slight patch in the left groin (fig. 11). 

February 18: He had been up and about for ten days. He walked as well as 
ever, and was conscious of no weakness of his legs. He had gained 2.6 Kg. in 
weight. His bowels and bladder were improving. 

February 24: He was discharged. Catheterization was still necessary occa- 
sionally. He had gained 3.6 Kg. and was free from his old pain. 

May 26: The patient was seen at his home. He had become greatly dis- 
couraged because he said the pains in his body and legs had returned except below 


Fig. 11 (case 5).—Extent of analgesia twelve days after cordotomy at level 
between first and second dorsal spines. Shaded area in left groin not analgesic. 


the knee on the right side. Sensory examination showed at this time a considerable 
shrinkage of the analgesia which had been present shortly after the operation, the 
area of total loss of pain sense now being confined to the right leg below the knee, 
i. e., the area where he was not having spontaneous pain (fig. 12). 

Jan. 18, 1928: On this date, two years after cordotomy was performed, the 
patient reported for examination by request. He said that his pains were just as 
severe as before operation, except in his right thigh, where examination .showed 
complete analgesia. He still had slight hypesthesia to pain over the right lower 
leg and over the left groin and thigh, but the left lower leg showed normal sensa- 
tion (fig. 13). He had been at business steadily, however, during the past year. 
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on 


Comment.—This case must be classed as a failure, but there are 
nevertheless several interesting features in it for which explanation is 
wanting. It is, for instance, difficult to see why the patient’s original 
practically complete analgesia should have faded out as it did after the 
lapse of less than four months. It is equally disconcerting to explain 
the further change in his sensory chart after two years, with a shift in 
the totally analgesic area from below the right knee to the area of the 
right thigh. Furthermore, when he reported in 1928, he seemed to be 





Fig. 12 (case 5).—Marked recession of analgesia four months after cordotemy. 


in a much less despondent mood than he had been after his operation, 
and it was hard to see how he could have attended business regularly 
for a year if his pains had been as disabling as they had been previously. 

It was a year and three months after this discouraging experience 
before another cordotomy was attempted, and although the next case 


cannot be called perfect, it was nevertheless highly satisfactory and the 
operation worth’ while. 


A NT A Nas 


3 


ax 





1156 ARCHIVES OF SURGERY 


Case 6.—History—C. C., a laborer, aged 48, referred by Dr. W. C. Quinby 
from the genito-urinary service of the hospital, was admitted to the hospital in 
March, 1927, complaining of pain in the left side and down the left leg. He had 
been admitted previously, on Jan. 8, 1926, complaining of blood in his urine. 
Exploration of the region of the kidney at that time had revealed an inoperable 
hypernephroma. The left kidney was removed together with some tissue from the 
tumor. He began having pain in the left side, hip and thigh, in September, 1926, 
which continued with increasing severity. He had to give up work because of the 
pain, and for two months before admission required sedatives in order to be able 





Fig. 13 (case 5).—Further change in sensory fields two years after cordotomy. 


to sleep. Roentgenograms of the spine showed destruction of the transverse 
processes of the first and second lumbar vertebrae, together with recurrence of the 
hypernephroma. Pain was uninfluenced by roentgen therapy. Exploration of 
the upper lumbar spine by Dr. Quinby on March 15, 1927, revealed extensive 
involvement by the tumor. The tissues were so vascular that section of the poste- 
rior roots at this level could not be accomplished. About March 31, the pain 
shifted from the left to the right leg. 


Physical Examination—The patient was a considerably emaciated man in 
obvious pain, lying in bed. Both legs could be moved weakly and both showed 
moderate generalized atrophy. The left thigh was slightly hypesthetic, but there 
were no other sensory changes. The knee reflexes and all other deep reflexes were 
exaggerated but equal on the two sides. 
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Operation—April 15, 1927: Bilateral cordotomy was performed with the 
patient under ether anesthesia. The fourth, fifth and sixth dorsal laminae were 
removed. The dura and arachnoid appeared normal. Section of the anterolateral 
tracts on either side was made at about the midportion of the exposed field, i. e., at 
the level of the fifth dorsal spine. On each side the incision was made with a 
narrow pointed knife, the blade of which was introduced to a depth of 3.5 mm. 

April 17: The patient had immediate and complete relief from the pain in his 
legs after operation. His leg movements were the same as before. He had reten- 
tion of urine for thirty-six hours. Knee reflexes were absent on this date, but the 
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spine. 


14 (case 6).—Complete analgesia after cordotomy at level of fifth dorsal 


achilles reflexes were equal and normal. There was complete loss of pain sense 
bilaterally up to the level of the tenth dorsal segment (fig. 14). 

April 29: The patient was comfortable and happy. He sat in a wheel chair 
and felt no pain. 

May 17: He was discharged to a convalescent home. His legs were weak, 
but no more so than before operation. He had no pain whatever. Sensory changes 
were unchanged since the examination of April 16. 

Jan. 20, 1928: On this date, nine months after operation, the patient was seen 
at his home. After leaving the Brigham Hospital, he was in a convalescent hos- 
pital until Aug. 1, 1927. He then went home, was up and about and felt well until 
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about Nov. 1, 1927. At this time he began having a moderate degree of pain in 
his back at the site of the exploratory laminectomy in the upper lumbar region. 
Examination showed that this area was bulging, tense and tender, and it was 
evident that his tumor was growing rapidly, spreading out through the place of 
least resistance posteriorly. He had no pain in his hips or legs. Sensory examina- 
tion showed a complete loss of pain sense up to the tenth dorsal level as before. 
Thermal anesthesia was complete on the left side, but on the right hot and cold 
were distinguished as cool and warm. He continued to have pain in the region 


of the recurrent growth until his death several months later, but never had pain 
down the legs. 


Comment.—There can be hardly any question but that a cordotomy 
was indicated in the case just described. It gave the patient immediate 
relief from all pain, enabled him to get along without drugs and to be 
up and about for several months until extensive recurrence finally caused 
him to become worse again. It is probable that the reason he had pain 
subsequently at the site of the growth was because segments higher in 
the cord than those covered by the actual analgesia were involved, and 
for this reason, no doubt it would have been wiser and more far-sighted 


to have performed the section at a level above the fifth dorsal spine 
originally. 


The next case to be described was that of another of the several 
syphilitic patients in the series. Again the result was not all that was 
hoped for, but might be classed as distinctly satisfactory. 


Case 7.—History—E. P., a man, aged 44, referred by Dr. E. H. Taylor of 
Pittsfield, Mass., was admitted to the hospital on Aug. 8, 1927, complaining of 
periodic “pains in the stomach and legs.” He had had pains in his legs for 
thirteen years at intervals of a few weeks. These were sharp and shooting, at 
first rather slight, but gradually increased in severity. He said that he had not 
had gonorrhea and syphilis but in 1920 he had a positive Wassermann reaction of 
the blood. He was given antisyphilitic treatment for a year after this discovery, 
but had no relief from his pains. The Wassermann reaction, however, became 
negative. For four years he had had pain in his abdomen, which came in periodic 
attacks at intervals of about one month. These attacks became so frequent and 
so severe that the patient tried to commit suicide. Three years before admission 


he was given another course of antisyphilitic treatment at a Boston hospital without 
affecting the pain. 


Physical Examination—Argyll Robertson pupils, slight general hypesthesia 
over the entire left side, most marked in the hand and foot were noted. The 
patient had a slightly positive Romberg’s sign. The knee and ankle reflexes were 
absent bilaterally. Between August 8 and 13, 1927, while in the hospital, he had 
four attacks of pain in the abdomen. The pain was apparently extreme, and 
associated with vomiting, pallor and sweating. Morphine in repeated 4% grain 
(0.0162 Gm.) doses was required for relief. 


A diagnosis of tabes dorsalis with gastric crises was made, and cordotomy 
advised. 


Operation.—Aug. 13, 1927: Bilateral cordotomy was performed with the patient 
under procaine hydrochloride anesthesia. The spines and laminae of ‘the first, 
second and third dorsal vertebrae were removed. The dura appeared normal. The 





HORRAX—CORDOTOMY 1159 


arachnoid was thickened, opaque and gray, forming almost a mesh around the cord. 
Section of the anterolateral columns was performed with the curved needle and 
knife to a depth of 2.5 mm. On the right the section was made at a level between 
the first and second dorsal spines, on the left at the level of the second dorsal 
spine. The patient complained of momentary pain only when the fibers farthest 
anterior were being sectioned. After each section the patient’s sensation on the 


opposite side was tested with a pin, and complete analgesia was demonstrated up 
to the level of the fifth dorsal spine. 





Fig. 15 (case 7).—Partial analgesia after cordotomy at level of second dorsal 
spine. 


August 27: The patient was uncomfortable for three days after operation, 
requiring morphine at times, but his improvement after the third day was rapid 
and most satisfactory. He had no further attacks of abdominal pain, but did have 
occasional slight pains in his legs. His sphincters were not upset. He had a 
definite feeling of warmth in both legs for about two weeks after operation. His 
appetite improved enormously, and he said that he now looked forward to eating 
as he had not done for eight years. He was discharged on this date in excellent 
spirits and extremely grateful. 

Sensory examination just before discharge showed that he did not have the 
complete loss of pain sense which was demonstrated on the operating table just 
after section of the fiber tracts. There was nearly complete analgesia and loss of 
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thermal sense over the trunk and left leg, and over the right leg below the knee, 
but over the right thigh there was only slight hypesthesia and over the left lower 
part of the chest there was a patch of actual hyperesthesia (fig. 15). 

April, 1928 (nine months after operation): The patient reported by letter 
saying that he felt “pretty good,” and that “since the operation I have had no 
pain in my stomach.” He was still having occasional pains in his legs, but “not so 
strong as before. I have a good appetite now, I sleep pretty good and I have 
gained 15 lbs.” 


Comment.—This patient was well satisfied with the result of his 
operation, although physiologically the section of his tracts was not com- 
plete. He had, at all events, returned to a useful and enjoyable life, 
entirely free of his major trouble, the gastric crises. 

The next case presented features somewhat similar to those recorded 
in case 5. The patient, a syphilitic patient, had stopped work five years 
before admission because of recurring attacks of pain in the back. Like 
the former patient, he was benefited for a short while after the first 
cordotomy, but the pain returned and a second cordotomy was performed 
as he did not have complete analgesia. After this second operation he 
had a further temporary cessation of pain which subsequently recurred. 
Unlike the patient in case 5, however, this patient’s analgesia remained 
complete after the second cordotomy. 


Case 8.—History—F. E. B., a man, aged 45, referred by Dr. Loring Grimes 
of Swampscott, Mass., was admitted to the hospital on Oct. 27, 1927, his chief 
complaint being pain in the back, but he also had some pain in the legs. He had 
had pain in the back for from ten to twelve years. During the earlier years the 
pain had been of short duration, coming in attacks two or three times a year. Six 
years ago the attacks came every two or three months, lasting a day or two at a 
time. He was confined to bed during the attacks. Five years ago he was obliged 
to give up work because of the frequency and the severity of the pains. During 


the past year he had had attacks of pain coming on every seven days and lasting 
three to four days. 


His first admission to the hospital was in June, 1926. At this time he was 
having periodic attacks of pain in the lower part of the back which had been 
uninfluenced by ordinary measures or by orthopedic treatment. Roentgenograms 
of the urinary system were negative, but those of the spine showed hypertrophic 
arthritic changes. Lumbar puncture, however, showed a markedly positive 
Wassermann reaction, and some observers thought that his pupillary reflexes were 
sluggish to light. He was therefore transferred to the medical service for treat- 
ment for cerebrospinal syphilis. He was given this treatment from June to 
September, 1926, without relief from pain. He was then admitted to the surgical 
service for cordotomy. The Wassermann reaction of the spinal fluid remained 


positive. He had lost from 60 to 70 pounds (27.2 to 31.8 Kg.) during the last 
year or two. 


Physical Examination—An area of extreme, painful hyperesthesia over the 
lower thoracic region posteriorly was noted. There was tenderness to pressure over 


the dorsal and lumbar spine. Roentgenograms of the spine were negative save for 
slight arthritis spurs. Cordotomy was advised and accepted. 
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Operation.—Nov. 3, 1927: Bilateral cordotomy was performed with the patient 
under procaine hydrochloride anesthesia. The spines and laminae of the first, 
second and third dorsal vertebrae were removed, and the dura opened over the area 
thus exposed. The arachnoid was greatly thickened and almost completely opaque, 
so that the cord could not be seen through it. On opening the arachnoid, it 
appeared like a mesh of loose tissue adhering slightly at many places to the cord 
and nerve roots. The right anterolateral tract was sectioned by use of the curved 
hook and knife to the full depth of 2.5 mm. at the level of the second dorsal spine. 
The patient complained of severe pain for a few seconds at the time of section. 
The left leg and lower trunk were tested immediately afterward and found to be 
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Fig. 16 (case 8).—Partial analgesia after first cordotomy. 


anesthetic. Section of the left tract was made entirely with a narrow, pointed 
knife, at a level perhaps 1 cm. below the incision on the right. The right leg and 
lower trunk were found to be anesthetic after this incision. 

November 19: The patient was discharged. For about one week after opera- 
tion he complained of occasional “lightning pains” in both legs, but these gradually 
ceased. At the time he left the hospital he was sitting up in a chair, without pain, 
and was cheerful and greatly pleased with the result of the operation. The hyper- 
esthetic area in the back disappeared immediately following operation. He did not 
have a complete analgesia, however, On the left side, pain and temperature sense 
were nearly completely lost up to the fifth dorsal level, but on the right the same 
area was only moderately hypesthetic (fig. 16). 
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March 15, 1928: On this date the patient was readmitted to the hospital 
because of a return of pain in the middle of the back. He had been comfortable 
and free from pain for about five or six weeks after operation. Sensory examina- 
tion showed that he had only slight dulling of pain and temperature sensations up to 
the previous level. It was thought best to see if a more complete tract section 
could be obtained by another cordotomy. 

Second Operation—March 28: Bilateral cordotomy was performed with the 
patient under procaine hydrochloride anesthesia. The original area was exposed 
through the old operative scar. The tract on the right side was exposed after 





Fig. 17 (case 8).—Complete and partial analgesia after second cordotomy at 
level of second dorsal spine. 


division of one sensory root in order to get better access. The narrow, pointed 
knife was used for the section which was carried to a depth of from between 3 and 
4 mm. The same procedure was carried out on the left, the section on this side 
being at least 4.5 mm. deep. After each section, the opposite side of the body was 
tested and found to be anesthetic up to the umbilical level. 

April 11: The patient was again discharged. His convalescence had been 
uneventful except for occasional shooting pains in his legs such as he had had 
after his first cordotomy. He was entirely free from pain in the back; there was 
no loss of power in his legs and no disturbance of the sphincters. Examination 
now showed a complete loss of pain sense and a nearly complete loss of tempera- 
ture sense up to the fifth dorsal segmental level (fig. 17). 
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Comment.—It was confidently expected that this patient had been 
relieved permanently by his second operation. He reported, however, 
on Aug. 8, 1928, saying that within a month or two after the last opera- 
tion the pain in his back had returned and continued as previously with 
the exception that it came only if he moved around or tried to do any 
manual work. He had gained from 20 to 30 pounds (9 to 13.6 Kg.), 
was eating and sleeping well, and did not have the anxious, tired 
expression he had previously worn. Examination showed a bilat- 
eral complete analgesia, with fairly complete temperature loss up to the 
fifth dorsal level. The patient’s sister was convinced that he did not 
have the pain which he claimed, and his whole picture was certainly 
decidedly different from that which he had presented before the opera- 
tions. He had not worked for five years, and had made no serious 
attempt at any kind of a livelihood after either cordotomy. 


COMMENT AND CONCLUSIONS 


Little can be added in a general discussion of these cases that has not 
been referred to already in the individual comments, and the series is 
plainly too small to admit of any but the simplest conclusions. Of the 
eight patients, six were distinctly benefited by the operation of cor- 
dotomy and two were apparently not relieved except for periods of a 
month or two. One death occurred as a result of a postoperative pul- 
monary complication. In five patients, the operation was performed 
because of pain due to a previous syphilitic infection. Three of the 
patients were relieved, in two of whom the chief pain was due to some 
form of abdominal “crises.” The two who were not relieved had the 
typical “lightning pains” of tabes. In one of the latter, the faulty result 
may be attributed to an incomplete tract section, but in the other the 
anterolateral columns were apparently completely incised as shown by 
the resultant analgesia. Of the three patients who did not have syphilis, 
in one the pain was due to a chronic hypertrophic spondylitis, in another 
to a recurrent tumor of the spinal cord, and in the third to erosion of 
the spine and pressure on the posterior roots by a hypernephroma. In 
all of these, relief was obtained by the operation. 

One point particularly comes up in relation to the operative technic, 
namely, the depth of the cord incision. It is my impression that the 
2.5 mm. depth obtained by the curved hook of Frazier is perhaps ade- 
quate in the middorsal region, if the hook is placed with absolute exact- 
ness. For the upper dorsal region, where the cord is slightly larger, and 
even in the middorsal area, if placement is not perfect, this depth is 
hardly sufficient. In order to get the fibers situated farthest anteriorly 
and medially, it has been necessary to do one of two things, either to 
make a secondary inclusion of the inner fibers with the hook, or to use 
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a narrow, pointed knife for the section, carrying the point inward some- 
times to a depth of 4 mm. 

A word should be said also regarding the possibility of determining 
the anatomic relationship of the fibers in the anterolateral tracts. It is 
my impression from such evidence as is presented in this series, espe- 
cially from the study of case 1, in which it was necessary to make several 
successive sections of the cord, that the most superficial fibers in the 
tract represent the lowest, i.e., the sacral levels, and that the fibers for 
the segments progressively higher lie respectively deeper in the tract. 
This is merely a deduction from the fact that apparently the greater the 
depth to which the cord incision was made, the higher the level of the 
analgesia on the opposite side of the body became. If this is true, it 
probably means that the fibers of these tracts starting from the lowest 
levels and working upward after crossing in the cord take a position in 
the opposite anterolateral tract medial to those which have entered just 
previously, thus pushing these earlier entering fibers outward toward 
the periphery of the cord. 











EXPERIMENTAL DIABETES INSIPIDUS * 
E. B. TOWNE 


During the past twenty years, a great deal of experimental work 
has been done in attempts to clear up the mysteries surrounding the 
functions of the pituitary gland. Many of the problems which seemed 
to have been solved by the early work of Paulesco, and especially by 
the extensive investigations of Cushing and his associates, have been 
opened again by the work of Camus and Roussy and their followers, 
who attribute to nerve centers in the hypothalamus most of the functions 
which were previously proved, as it appeared, to belong to the hypophy- 
sis. Even the question whether the gland is essential to life, as believed 
by Paulesco and Cushing, has been denied from the start by many, 
including Handelsmann and Horsley, Aschner, Sweet and Allen, and 
more recently by Brown, and Dandy and Reichert. This paper deals 
with another open question: Is diabetes insipidus, which is clinically 
associated with tumors involving the hypophysis and the floor of the 
third ventricle, due to disturbance of the function of the gland, or to 
injury of nerve centers in the floor of the ventricle? A study of the 
literature makes it evident that conclusions cannot be based on experi- 
mental polyurias of short duration, owing to the fact that numerous 
types of operative damage to the pituitary gland, to the floor of the 
third ventricle or even to more distant parts, as the floor of the fourth 
ventricle, caused polyurias lasting from a few days to a few weeks. 
There are only six experimental observations in which the polyuria 
lasted four months or more. The first object of this investigation was 
to produce, if possible, a truly permanent polyuria. All evidence sug- 
gested that the most promising method would be division of the stalk, 
high enough to detach all epithelial cells of the pituitary gland from 
the base of the brain, leaving the gland itself in situ. 

The pituitary gland of the dog is attached by its stalk to the floor 
of the third ventricle at the tuber cinereum. It contains two types of 
epithelial cells. The pars anterior is made up of cells, some of which 
contain granules having affinity for acid or basic stains, grouped around 
blood sinusoids. The remainder of the epithelium surrounds the pars 
posterior and the stalk, and spreads out for a variable distance over the 
floor of the third ventricle. That portion which surrounds the posterior 


*From the Laboratory of Surgical Pathology, Stanford University Medical 
School. 


1. Kahler, O.: Die dauernde Polyurie als cerebrales Herdsymptom, Ztschr. 
f. Heilk. 7:105, 1886. 
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lobe is called pars intermedia, and that which surrounds the stalk and 
extends onto the base of the brain is called pars tuberalis. Micro- 
scopically, the pars intermedia and pars tuberalis are identical, con- 
sisting of epithelial cells without granules, often arranged about alveoli 
containing colloid material. There is not any histologic reason for a 
belief that the function of the pars tuberalis differs in any way from 
that of the pars intermedia, if either has a function. The gland has a 
double supply of blood, from vessels that come down the stalk, and 
from an artery that enters the posterior lobe from the adjacent dura. 
There is a potential anastomosis between the two systems, which gives 
all parts of the gland an adequate supply of blood from the posterior 
artery, after division of the stalk. If the pars anterior is a gland of 
internal secretion, and the pars intermedia and tuberalis secrete directly 
into the third ventricle, a division of the stalk at the base of the brain, 
detaching all pars tuberalis cells, would theoretically eliminate secretion 
from the pars intermedia and the pars tuberalis, and interfere only 
temporarily, if at all, with the secretion of pars anterior. This would 
leave out of account the possibility of accessory hypophyses, such as 
that described by Dandy and Goetsch * between the layers of the dura 
in the sella turcica, but it was felt that if the technical difficulties of 
detaching all cells of the pars tuberalis could be overcome, a permanent 
polyuria might result. 

The cells of the pars tuberalis on the base of the brain have 
been a serious stumbling block in experimental surgery of the pituitary 
gland. “Total” hypophysectomy has had two meanings. Aschner * and 
Sweet and Allen * assumed that these cells lack physiologic importance. 
Crowe, Cushing and Homans * noted that a few cells of the pars inter- 
media are found adherent to the under surface of the third ventricle 
in every total hypophysectomy. Dandy and Reichert® had seven 
“histologically proven total extirpations,” but this means that the base 
of the brain was studied for “microscopic remnants of the anterior 
lobe, and in none were any found.” They do not say that there were no 


2. Dandy, W. E., and Goetsch, Emil: The Blood Supply of the Pituitary 
Body, Am. J. Anat. 11:137 (Jan.) 1910-1911. 


3. Aschner, Bernhard. Ueber die Function der Hypophyse, Arch. f. d. ges. 
Physiol. 146:1 (June) 1912. 


4. Sweet, J. E., and Allen, A. R.: The Effect of the Removal of the Hypo- 
physis in the Dog, Ann. Surg. 57:485 (April) 1913. 


5. Crowe, S. J.; Cushing, Harvey, and Homans, John: Effects of Hypo- 
physeal Transplantation Following Total Hypophysectomy in the Canine, Quart. J. 
Exper. Physiol. 2:389, 1909. 


6. Dandy, W. E., and Reichert, F. L.: Experimental Hypophysectomy: I. 
Effect on Maintenance of Life, Bull. Johns Hopkins Hosp, 37:1 (July) 1925. 
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cells of the pars tuberalis. Brown‘ had five animals in which “no 
trace of hypophysis was found microscopically,” but he did not say 
specifically that cells of the pars tuberalis were not present on the base 
of the brain, and it seems possible that he also disregarded these cells. 
Handelsmann and Horsley * operated on fifty-four animals, in fifteen of 
which the gland was completely removed—‘that is, we could not find 
even cells of the pars intermedia infundibuli.” They qualified even 
these total hypophysectomies. ‘We say so called complete removal of 
the gland because very possibly there is in some cases an accessory 
gland in the canalis cranio-pharyngealis which perhaps becomes hyper- 
active when the gland is removed.”” They are the only ones, among the 
many who have worked on this problem, who clearly stated that it 
is impossible to ignore the pars tuberalis and accessory hypophyses in 
extirpation experiments. Exactly the same conditions hold true in 
divisions of the pituitary stalk. Unless all cells are detached from the 
base of the brain, the results cannot be safely interpreted; and even 
when this is accomplished, the difficult matter of eliminating accéssory 
glands remains. 
EXPERIMENTS 


Ten dogs were operated on by the left temporal route of Paulesco. 
Gentle traction was applied to the stalk with a blunt hook, and an 
incision was made in the base of the brain to detach the stalk. Four 
animals died within a few days, and six lived in good health until 
killed after their polyuria had terminated. The animals were kept in 
metabolism cages for one week prior to operation, and for three or four 
successive days of each week after operation. They always had a plenti- 
ful supply of drinking water. The urinary output was measured at the 
same hour each day. Each of these six animals showed a postoperative 
polyuria which lasted for at least four weeks; but the urinary output 
became approximately normal in all cases. The longest period of 
polyuria was twenty-one weeks. When the polyuria had ceased for two 
weeks or more, the animal was killed with chloroform, and the brain was 
fixed in situ by injection of the carotid arteries with 4 per cent 
formaldehyde. The pituitary gland, the adjacent base of the brain and 
a portion of the base of the skull were removed in one piece and placed 
in formaldehyde for seven days; then the dura of the sella with the 
gland, its stalk and the attached base of the brain were cut in sagittal 
serial sections. Accessory hypophyses were not found in the dura of any 


7. Brown, C. G.: The Effects of Complete Extirpation of the Hypophysis in 
the Dog (Preliminary Report), Proc. Soc. Exper. Biol. & Med. 20:275 (Feb.) 
1922-1923. 

8. Handelsmann and Horsley, Victor: Preliminary Note on Experimental 
Investigations on the Pituitary Body, Brit. M. J. 2:1150 (Nov. 4) 1911. 


meta 2 wo PA eRe cet Tepe 
oo ed ok ania <class aA 





1168 ARCHIVES OF SURGERY 


of these animals. The serial sections of the hypophysis and base showed 
that the division of the stalk had been high enough to detach all cells 
of the pars tuberalis in only one animal. This dog’s polyuria lasted 
twenty-one weeks. Small groups of cells had been left attached to the 
under aspect of the floor of the third ventricle in all the other five 
animals. The average duration of polyuria in this group was nine 
weeks. As neither the clinical nor the necropsy observations in these five 
dogs show any material differences, the protocols of only two experi- 
ments will be given. The first is of a typical example of the group 
of five dogs in which all cells of the pars tuberalis were not detached, 
and the second is of the one animal in which the object of the experi- 
ments was accomplished. 


Doc 7.—A male mongrel, aged approximately 8 months, weighing 8.6 Kg., had 
an average urinary output of 185 cc. for seven days. On Jan. 21, 1920, an opera- 
tion was performed under ether anesthesia. When the stalk was divided, a flow 
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Fig. 1 (dog 7).—Average daily urinary output in cubic centimeters for one 
week preoperative and twenty weeks postoperative. 


of the cerebrospinal fluid did not occur, indicating that the incision had not entered 
the ventricle. For forty-eight hours after operation, the dog was well and took 
food and water freely. The output was 640 cc. on January 22, and 790 cc. on 
January 23. For the next six days, the animal was sick, and the output decreased, 
the lowest point being 60 cc. on January 27. After January 30, the dog was always 
well. Figure 1 shows the average daily urinary output for twenty weeks after 
operation. The average is usually based on the measurements of four consecutive 
days in the metabolism cage, but for a few weeks it is based on three days’ output. 
The greatest amount in twenty-four hours was 1,175 cc. on March 6, in the seventh 
week. The polyuria declined after the seventh week to approximately normal in 
the eleventh, twelfth and thirteenth weeks. There was then a slight rise until the 
seventeenth week, after which the output remained normal. The dog’s weight 
increased steadily, to 10.2 Kg. in the fifth, 13.8 Kg. in the ninth and 14.5 Kg. in 
the twentieth week. On May 20, the animal was killed with chloroform. 

Serial sections (fig. 2) showed a dense band of scar tissue at the level of the 
incision. Below the scar was the pars anterior (a), which was made up almost 
entirely of eosinophilic cells; the pars nervosa (b), which was undifferentiated 
tissue invaded by cells of the pars intermedia, and the pars intermedia (c). Above 
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the scar, there were two large groups of epithelial cells, in normal relationship to 
the base of the brain. The anterior group (d) had the typical structure of pars 
tuberalis, most of the cells being chromophobe and many forming alveoli. How- 
ever, about one tenth of the cells were eosinophilic, did not form alveoli and were 
not grouped about blood sinusoids. The posterior group (¢) was made up of 
about two-thirds typical cells of the pars tuberalis, and one-third eosinophilic cells, 
not in relation to blood vessels.. In brief, the cells df the pars tuberalis were not 


detached from the base of the brain in this case. The unexpected observation of 


eosinophilic cells typical of the pars anterior among the cells of the pars tuberalis 
was common to all these five experiments in which the incision was not made high 
nough to detach the pars tuberalis; they occurred in varying proportions, but were 
not so plentiful in any other as in this case, which is reported for that reason. 




















Fig. 2 (dog 7).—a indicates pars anterior; b, pars nervosa; c, pars intermedia; 
d and e, groups of cells of the pars tuberalis above operative scar. 


Doc 4.—A female mongrel, aged approximately 6 months, weighing 6.1 Kg., 
had an average urinary output of 140 cc. for seven days. On Jan. 5, 1920, an 
operation was performed under ether anesthesia. The stalk was separated by an 
incision which entered the ventricle and gave a free flow of cerebrospinal fluid. 
On the first, second and third postoperative days, the animal was well, and the 
output of urine was 370, 595 and 610 cc. For the remainder of the first week, she 
was sick, and the daily output was about 200 cc. From January 13 onward, she 
was always in good health. Figure 3 shows the average daily output for twenty- 
four weeks after operation. The average is based on measurements for three or 
four successive days of each week in the metabolism cage. The largest twenty- 
four hour amount was 1,450 cc. on February 26, in the eighth week. The polyuria 
reached its peak in the ninth week. The output then decreased rapidly until the 
fifteenth week, rose slightly until the twentieth week and then dropped to normal 
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for three weeks. The dog’s weight nearly doubled during the period of the experi- 
ment, reaching 12 Kg. in the twenty-fourth week. On June 24, the animal was 
killed with chloroform. 

Serial sections showed that all cells of the pars tuberalis had been detached 
from the base of the brain by the operation. The floor of the third ventricle had 
been reformed by connective tissue, without ependymal lining, from a at the lower 
edge of the optic chiasm, to b in figure 4. The pars anterior (c) appeared normal, 
with about the usual proportion of chromophile and chromophobe cells. The pars 
nervosa (d) was atrophic and invaded by cells of the pars intermedia. The pars 
nervosa was surrounded by an empty space, and about this was a zone of cells of 
the pars intermedia. Posteriorly, these cells were separated from the base of the 
brain by scar tissue, but anteriorly, at the point where the normal floor of the 
ventricle joined the posterior end of the newly formed connective tissue floor, a 
mass of cells had invaded the base of the brain. This area is surrounded by a circle 
in figure 4 and shown in greater magnification in figure 5. Most of these were 
typical cells of the pars intermedia, arranged about alveoli containing colloid 
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Fig. 3 (dog 4).—Average daily urinary output in cubic centimeters for one 
week preoperative and twenty-four weeks postoperative. 


material, but a few contained eosinophilic granules and were exactly like the 
eosinophil cells of the contiguous pars anterior. It was at first suspected that 
this mass of cells had not been detached, but a careful study of all the sections 
showed conclusively, from the location of the scar tissue, that this had been accom- 
plished, and that the cells had reunited to the end of the uninjured floor of the 
ventricle. The final result was that a large number of cells of the pars intermedia 
were in perfectly normal relationship to the ventricle, through reattachment to the 
undamaged base of the brain. 


COMMENT 


These experiments failed to produce a permanent polyuria. Five 
times the operation did not detach all the cells of the pars tuberalis 
from the base of the brain; only once was this accomplished. The 
clinical result was the same in all cases, though the polyuria lasted a 
few weeks longer in the experiment which was technically successful. 
The most striking histologic observation was the invariable presence of 
eosinophilic cells, which do not belong there, in the nests of cells of the 
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Fig. 4 (dog 4).—a to b indicates newly formed connective tissue of floor of 
third ventricle; c, pars anterior; d, pars posterior. The circle surrounds the field 
shown in higher magnification in figure 5. 





* 








Fig. 5 (dog 4).—High power photomicrograph of the field encircled in figure 4. 
Junction of normal and connective tissue portions of floor of ventricle, showing 
invasion of base of brain by reattached pars intermedia. 
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pars tuberalis, which were left attached to the base of the brain in 
five experiments. Also, there were a few eosinophilic cells in that 
portion of the pars intermedia or pars tuberalis which became reattached 
to the uninjured base of the brain in dog 4. 

Only six experimental observations in which a polyuria lasted four 
months or more were found in the literature. These were analyzed 
to see whether they would throw any light on the possible interpretation 
of the experiments here recorded. The result is summarized in the 
table. Only in experiment 1 was the stalk deliberately divided; in the 
remaining five, the intended procedure was a needle puncture of the 
base of the brain in the region of the tuber cinereum. Autopsy showed, 


Six Cases of Experimental Polyuria Lasting Four Months or More 











Experi- Ani- Operation Microscopic 
ment Author mal Intended Result Observations 


1 Crowe, Cushing and Dog Stalk separa- Polyuria present Gland reunited to 
Homans: Bull. Johns 34 tion; partial when killed at 


base of brain; frag- 

Hopkins Hosp. 21: removal ante- sixth month ment of anterior 
127, 1910 rior lobe lobe present 

2 Camus and Roussy: Mous- Puncture of Polyuria present Stalk divided (“pas 
Presse méd. 22¢517, tachu tuber cine- when killed at de tige’’) hypophysis 
1914 reum seventh month atrophic 

3 Camus, Roussy and Dog Puncture of Polyuria for 5 “Hypophysis in- 
LeGrand: Compt. 107 tuber cine- months; present tact”; sear in 
rend. Soc. de _ biol. reum when killed ? base of brain 
S6 : 1070, 

4 Camus, Roussy and Dog Puncture of Polyuria for 6 “Hypophysis in- 
LeGrand: Compt. 108 tuber cine- months; present tact”; sear in 
rend. Soc. de biol. reum when killed ? base of brain 
86 : 1070, 1922 

5 Camus, Roussy and Dog Puncture of Polyuria for 13 “The hypophysis 
LeGrand: Compt. 1856 tuber cine- months; present was traversed and 
rend. Soc. de _ biol. reum when killed ? completely destroy- 
86:1070, 1922 ed”’; scar in base 

of brain 

6 Bailey and Brémér: Dog Puncture of Polyuria present Posterior lobe de- 
Areh. Int. Med. 28: 10 tuber cine- when killed at tached from infundi- 
773, 1921 reum fourth month bulum; sear in 


base of brain 





however, that the stalk was completely divided in experiment 2 (“pas 
de tige’’) ; that the hypophysis was “traversed and completely destroyed” 
in experiment 5, and that the stalk was at least partly divided in experi- 
ment 6 (“The posterior lobe had been detached from the infundib- 
ulum . . .”). In experiments 3 and 4, the data are even more 
scanty than those in experiments 2 and 5. It is stated that the hypoph- 
ysis was intact, but nothing is said about the condition of the stalk. 
Camus and Roussy were interested in the small needle scars in the 
base of the brain, and not in the pituitary gland. They ignored the 
stalk division in experiment 2, and the so-called complete destruction of 
the hypophysis in experiment 5, and attributed the polyuria in these 
animals to the microscopic lesions in the base of the brain. 

When one considers the clinical results of these six experiments, it is 
found that polyuria was still present when three of the animals were 
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killed (experiment 1, six months; experiment 2, seven months ; experi- 
ment 6, four months). In Camus and Roussy’s experiments 3, 4 and 5, 
the protocols do not state whether or not the polyuria had terminated 
when the animals were killed. As experiments 3 and 4 have insufficient 
pathologic and clinical data, they are of little value in this analysis. 
Though the clinical data are also insufficient in experiment 5, the polyuria 
must have lasted nearly thirteen months, and the pathologic report is 
more complete. If experiments 3 and 4 are eliminated, four animals 
showed a polyuria lasting from four to thirteen months. In experi- 
ment 1, the stalk was divided, and serial sections showed that the gland 
had reunited to the base of the brain, that cells of the pars intermedia 
had invaded the pars nervosa and that fragments of the anterior lobe 
were present ; whether or not the stalk division separated all cells of the 
pars tuberalis from the base of the brain is not stated. In experiment 2, 
the stalk was divided and the gland was atrophic; in experiment 5, the 
gland was “traversed and completely destroyed.” The protocols of these 
two observations do not mention cells of the pars tuberalis. Finally, in 
experiment 6, the authors were interested in the needle puncture of the 
base of the brain, but the protocol and the accompanying sketch show 
clearly that the posterior portion of the stalk was cut, and leave one 
in doubt whether the anterior portion of the stalk was also divided. To 
summarize, of the four experiments in the literature which resulted in 
a polyuria lasting four months or more, and which give sufficient micro- 
scopic data, two had complete divisions of the stalk, one had partial 
(perhaps complete) stalk division and one had “complete destruction” 
of the hypophysis. Regarding the permanency of the polyurias pro- 
duced by the experiments, the results in experiments 1,2 and 5 may fairly 
be looked on as permanent, and in experiment 6 as certainly doubtful in 
view of the results in dogs 7 and 4, in which the polyuria terminated in 
the sixteenth and twenty-first week. There is little in this analysis to sup- 
port the contention of Camus and Roussy that polyuria is due to lesions 
of the hypothalamus. Except for their dogs 107 and 108, in which 
the condition of the stalk is not mentioned, all of the intended punctures 
of the base of the brain which resulted in a polyuria lasting four months 
or more showed complete or partial division of the stalk. It is true that 
any operative damage to the upper portion of the stalk will also 
damage the tuber cinereum. But a pure lesion of the tuber cinereum 
or nearby base of the brain has never given a polyuria of four months’ 
duration, again excepting Camus and Roussy’s dogs 107 and 108, in 
which this may have been true. A large number of “piqures” have 
resulted in polyurias lasting a few days or weeks, which mean nothing. 
Such experiments can just as logically be interpreted as meaning tempo- 
rary interference with the secretions of pars intermedia products into 
the ventricle. 
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The experiments reported in this paper throw some light on the 
question at issue. In the series of five animals, of which dog 7 is a 
typical example, cells of the pars tuberalis were left attached to the 
base of the brain. The nerve cells of the nearby hypothalamus were 
not studied, but they undoubtedly would have shown the slight changes 
which Camus and Roussy stressed. These experiments might, and 
probably would, be. interpreted by the proponents of the neurogenic 
theory of diabetes insipidus as confirmatory. On the contrary, those 
who believe that polyuria is due to suppression of the secretion of pars 
intermedia and pars tuberalis could interpret these experiments as mean- 
ing that the division of the stalk eliminated all the secretion of the pars 
intermedia permanently ; that the trauma suppressed the secretion of the 
pars tuberalis for a varying number of weeks, and that the polyuria 
terminated because of proliferation of the cells of the pars tuberalis 
left above the incision. The size of these nests of cells, as shown at 
d and e in figure 2, undoubtedly supports this theory. It is granted 
that these five experiments may be interpreted differently, but they 
bring out one fact which seems of great importance ; that is, the constant 
presence of a varying number of eosinophilic cells among the cel!s of 
the pars tuberalis left attached to the base of the brain. Such cells 
are never found in the pars tuberalis of normal dogs. Why they are 
always present in these. experiments is not clear, but their presence is 
strong evidence that the frequent tendency to ignore the pars tuberalis 
as functionally inert is not justified. In the confused interpretations of 
pituitary physiology, one fact which is uncontested is that these 
eosinophilic cells of the pars anterior are always present in markedly 
increased numbers in cases of active acromegaly. The observation of 
similar cells, often in considerable numbers, among the cells of the pars 
tuberalis indicates that the pars tuberalis cannot be dismissed as of no 
functional importance. 

The most important observation is the only one in which all the 
cells of the pars tuberalis were detached from the base of the brain. 
If diabetes insipidus is caused by injury of nerve centers in the hypo- 
thalamus, the extensive destruction of the floor of the third ventricle 
in dog 4 should have given a permanent polyuria. None of the areas 
described by Camus and Roussy escaped. The cessation of the polyuria 
in this animal would seem to eliminate the neurogenic theory of dia- 
betes insipidus. On the other hand, why did the polyuria cease if it 
was due to suppression of secretion of the pars tuberalis and the pars 
intermedia? The reattachment of the pars intermedia to the uninjured 
base of the brain, with invasion down to the ependymal cells, gives a 
logical answer. The histologic picture of this area does not show any 
obstruction to the secretion of the pars intermedia products’ into the 
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ventricle. It is of interest that there were again eosinophilic cells among 
these cells of the pars intermedia. 

After the failure of these experiments to produce a permanent 
polyuria, a new approach was made to the problem, suggested by the 
transplantation experiments of Crowe, Cushing and Homans.’ The 
cessation of polyuria in dog 4 was interpreted as due to reattachment of 
the pars intermedia to the base of the brain, and an attempt was made 
to avoid this by removing the entire gland, including the pars tuberalis, 
and transplanting fragments of the pars anterior, the pars intermedia 
and the pars tuberalis to different points in the cerebral cortex. If a 
polyuria developed and ceased, it was planned to remove the transplants, 
one at a time, and watch the effect on the urinary output. The experi- 
ments were a total failure, because none of the six animals lived. 


SUMMARY AND CONCLUSIONS 


1. Experimental diabetes insipidus, lasting a few days or weeks, 
may be produced by a variety of procedures, and conclusions cannot be 
drawn from such experiments. 

2. There are only four sufficiently reported experimental obser- 
vations of polyuria lasting over four months. All showed partial or 
complete division of the pituitary stalk. 


3. With the exception of Handelsmann and Horsley, investigators 
have ignored the possible physiologic importance of the pars tuberalis 
cells on the base of the brain. 

4. Five divisions of the stalk, here reported, failed to detach all the 
cells of the pars tuberalis, and only one succeeded. The resulting 
polyurias términated in from four to twenty-one weeks. Serial sections 
in the five cases showed nests of apparently active cells of the pars 
tuberalis above the scar, and among them varying numbers of eosino- 
philic cells typical of the pars anterior. In the one technically success- 
ful experiment, the gland had reunited to the undamaged portion of the 
base of the brain, and cells of the pars intermedia had invaded down to 
the ependyma. 

5. These experiments, and an analysis of previously recorded lasting 
polyurias, do not support the neurogenic theory of Camus and Roussy, 
but strongly suggest that diabetes insipidus is due to suppression of the 
secretion of the pars intermedia and the pars tuberalis. 


350 Post Street. 



























THE SIGNIFICANCE OF A DILATED PUPIL ON THE 
HOMOLATERAL HEMIPLEGIC SIDE IN CASES 
OF INTRACRANIAL HEMORRHAGE FOLLOW- 
ING HEAD INJURIES 


REPORT OF SEVEN CASES 


CARL WHEELER RAND 


There are few experiences more humiliating than to overlook a 
subdural clot when operating for intracranial hemorrhage in traumatic 
cases. To be sure, in the majority of instances the surgeon has sufficient 
signs and symptoms on which he can rely to make a correct localizing 
diagnosis ; but occasionally cases present themselves which are baffling 
from the standpoint of localization. It has usually been my experience 
to find a hemorrhage on the side of the dilated pupil regardless of other 
neurologic aspects, and it is my purpose to report the following cases 
to emphasize the importance of “following the pupil.” 

It has been taught that the pupils go through two reactive phases 
in cases of damage to the brain or hemorrhage. The first or irritative 
phase is said to cause constriction of the pupil which later may change 
to dilatation if the cortical pressure becomes high enough on the side 
in question. The reaction of the pupil depends on the correlated inter- 
action of the cervical sympathetics and the oculomotor nerve by way 
of the ciliary ganglion. It seems futile to try to evaluate the degree 
in which these antagonists counterbalance each other in considering 
inequality of the pupils in cases of injury to the head. On the surface 
it would seem that first stimulation and later impairment of the oculo- 
motor nerve must play the greatest part. In speaking of extradural 
hemorrhage, Cushing’ stated that “pupillary symptoms, particularly 
inequalities, are common in this as in other forms of unilateral intra- 
cranial hemorrhage. The pressure of the clot against the hemisphere 
is said to cause an early narrowing of the pupil on the same side and 
later on a dilatation. This dilatation in the late stages may affect both 
pupils, but even then the pupil on the side of the lesion remains wider.” 
Some observers are prone to place considerable importance on the 
presence of a dilated pupil, while others place little reliance on it as a 
localizing sign in cases of suspected intracranial hemorrhage. In dis- 
cussing this point, an eminent neurologist once remarked to me that a 
dilated pupil “was a straw showing which way the wind was blowing.” 
It has seemed to me that his impression, gained by many years of clinical 
observation, was well founded. 


1. Cushing, Harvey: Surgery of the Head, in Keen: Surgery, Philadelphia, 
W: B. Saunders Company, vol. III, 1908, pp. 17-276. 
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Holman and Scott? have recently stressed the “significance of uni- 
lateral dilatation and fixation of the pupil in severe head injuries.” 
They discussed the difficulties of evaluating localizing signs in uncon- 
scious patients, in general making a plea for paying more attention to 
the state of the pupil as a guide in diagnosis. A number of cases are 
given among which is one in which there was dilatation and fixation 
of the right pupil in the presence of a right-sided weakness. A left 
decompression was done because of the right hemiparesis, disregard- 
ing the dilated right pupil. Twenty-four hours later the patient 
died and an autopsy showed “an extensive right sided subdural 





Fig. 1.—Specimen of brain in Dr. Holman’s case. Extensive hemorrhage 
and cortical injury in the right frontotemporal region. The bulging area of the 
left temporal lobe is the seat of a decompression opening. The patient had a 
right-sided hemiparesis and a dilated pupil on the right side. 





hemorrhage over the frontal and temporal regions, with a long lacer- 
ation of the cortex of the temporal lobe.” About an hour and a half 
before death the left pupil became widely dilated and fixed, and 
remained so until the end. Their case is illustrated by a photograph 
of the brain which Dr. Holman has permitted me to reproduce (fig. 1). 
Their experiences “indicate that unilateral dilatation and fixation of 


2. Holman, E., and Scott, W. M. J.: Significance of Unilateral Dilatation 
and Fixation of Pupil in Severe Skull Injuries, J. A. M. A. 84:1329 (May 2) 1925. 
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the pupil almost invariably occur on the side of the lesion at some 
time in the course of the progressively increasing cerebral compression 
from hemorrhage, and serve as a valuable aid in determining the side 
on which the decompression should be performed. In certain instances 
the large dilated pupil has been the only diagnostic sign of localization, 


and . . . has proved to be of even greater localizing significance 
than bleeding from the opposite ear, or even a hemiparesis of the same 
side.” 


In a supplementary note, reference is made to a discussion of the 
subject by William Macewen * in 1887, which it would seem is enligt:‘en- 
ing. He stated: 






















One pupil dilated and fixed, the other normal. Many instances have been 
observed of dilatation and fixity of one pupil, while its fellow, perhaps with the 
exception of a little sluggishness of movement, remained normal. These were 
all cases of fracture of the middle fossa of the skull, and in comparatively few of 
them was the diagnosis verified by postmortem examination, though little doubt 
could exist as to the lesion when accompanied as they were by the usual phenomena 
of hemorrhage from the ear, followed by discharge of cerebrospinal fluid, ptosis, 
occasionally external strabismus, facial hemiplegia and paralysis of members. In 
such the patient was generally insensible at the outset, when both pupils were 
dilated and fixed. As the patient recovered consciousness, one pupil became 
normal while the other remained dilated and fixed, this being on the side of the 
lesion. In some of these the visual power on the same side as the dilated pupil 
was in abeyance; in others, it was imperfect, and in a few it was almost normal. 
: The pressure exercised by the blood clot must have been sufficiently great to place 
in abeyance the function of the greater part of the affected hemisphere, as evidenced 
by the complete paralysis of the opposite member, the interference with vision, 
and the evident effect upon the third nerve. In those cases in which postmortem 
examinations were obtained, the basal fracture was continued into or toward the 
vertex, and the clot in most instances occupied the whole of the middle fossa from 
the petrous portion of the temporal to the vertex, the convolutions, especially the 
ascending, being considerably compressed. The opposite hemisphere was in almost 
a normal condition. In those that recovered, the dilatation gave way slowly, and 
was followed by a degree of contraction, along with sluggishness of movement 
which ultimately passed off, though in one case it still remained small and sluggish 
at the termination of the fifth month from the date of the accident. These changes 
were evidently determined by the gradual absorption of the blood clot. It is more 
than likely that in most of them the third, as well as the seventh nerve was 
paralyzed, and in one or two instances the fifth, in addition, as indicated by the 
loss of sensation on the affected side. Occasionally the second was interfered with. 
Hearing was generally much affected, if not absolutely in abeyance on the affected 
side, during the early months, mechanical obstruction by blood clot producing loss 
of hearing as well as interference with the nerve. 












The significance of pupillary changes and inequalities following 
injuries of the head has been the subject of comment for many years. 






3. Macewen, William: The Pupil in Its Semeiological Aspects, Am. J. M. Sc. 
94:123, 1887. 






















































RAND—INTRACRANIAL HEMORRHAGE 1179 


Few authors have given as precise a description as that of Macewen 
just quoted. Vance * summarized his experience in which autopsy was 
performed as follows: 


In several instances the pupils were unequal, one was dilated, while the other 
was contracted, and this sign seemed to point to a lesion definitely located on 
one side of the cranial cavity. In seven fatal cases in which there was a sub- 
sequent necropsy, the right pupil was observed to be much larger than the left. 
Five of these showed an epidural hemorrhage on the right, one a_ subdural 
hemorrhage on the right and one an epidural hemorrhage on the left. The 
cause of the inequality was not easy to determine, but the difference in the 
ize of the pupils depended, apparently, on the unilateral nature of the intracranial 
ondition. 


He mentioned the fact that “one patient for some reason showed a 
paralysis of the arm on the same side as the epidural clot.” Unfortu- 
iately the condition of the pupils was not mentioned in this case. 

Carter,® reviewing a large series of fractures of the skull (223), 
ound 48 cases in which the pupil was dilated on the side of the lesion, 
20 cases in which it was dilated on the side opposite the lesion, and 
55 in which there was no pupillary change. There was a mortality 
‘ate of 52 per cent in cases in which the pupil was dilated on the side 
‘f the lesion and 95 per cent when it was dilated on the side opposite the 
esion. He observed that “when a pupil which was large on admission 
omes down to normal size, the prognosis-is apt to be favorable; but 
when a pupil which was equal to its mate on admission later becomes 
lilated, we feel that the intracranial damage is progressing and become 
suspicious of an extra or intradural hemorrhage.” He does not mention 
-ases of a dilated pupil on the same side as a hemiparesis. 

In reviewing 755 cases of injuries to the brain at the San Francisco 
Emergency Hospitals, Butler * stated: 


The most valuable localizing sign as to the side of the compression and the 
degree of compression, in my experience, has been the condition of the pupils. 
The pupil on the side of the beginning compression at first reacts very sluggishly, 
often showing a hippus. As the compression increases this pupil slowly contracts, 
reacting at first, later pin point and fixed, finally dilating slowly, followed by 
the same course of events in the other pupil. 


Menninger * discussed the condition of the pupils in various states 
of coma, and commented on cases of fracture of the skull. Anisocoria 


4. Vance, B. M.: Fractures of the Skull, Arch. Surg. 14:1023 (May) 1927. 

5. Carter, B. N.: Diagnosis and Treatment of Fractures of the Skull as 
Developed in the The Cincinnati General Hospital, Ann. Surg. 83:182, 1926. 

6. Butler, Edmund: Brain Injuries, Mechanics, Prognosis and Treatment, 
California State J. M. 21:295, 1923. 

7. Menninger, W. C.: The Pupils as an Aid to Diagnosis in States of 
Coma, J. Nerv. & Ment. Dis. 65:553, 1927. 
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occurred eight times in twenty-five cases of proved fracture, the pupil 
on the side of the trauma being dilated in every case at some period 
following the injury. In thirty cases of probable fracture the pupils 
were unequal thirteen times, the dilated pupil being on the same side 
as the trauma in nine instances and contrecoup in four. He felt that 
“it is necessary in these cases to watch the pupils closely to detect 
anisocoria, since it is often of a transient nature, being present in some 
observed cases only a few minutes.” He stressed the unilateral dilata- 
tion of a pupil as an aid in locating the lesion for surgical intervention. 


REPORT OF CASES 


Case 1.—Dilatation of the left pupil in conjunction with the appearance of a 
left hemiplegia, five days after a severe injury to the head. Bilateral decom- 
pression. Subdural hemorrhage found on the left side. Death. 

D. S., a woman, aged 46, white, married, was admitted to the neurosurgical 
service of the Los Angeles General Hospital on Feb. 11, 1926. About 11 p. m. 
on February 10, while standing in the street, she was struck by an automobile 
and knocked down. She was unconscious, but soon aroused from coma and was 
admitted to the hospital the next day in an irrational condition. She then became 
conscious but was confused at times until February 15, when she again went 
into coma. On admission to the hospital, there was a large hematoma over the 
right temple, and the right eye was swollen shut. The pupils were equal, the 
fundi normal and there was no evidence of paralysis of any extremity. All 
superficial and deep reflexes were hyperactive and equal. There were no abnormal 
reflexes of the Babinski group and no ankle clonus, right or left. On the evening 
of February 16, five days after admission, her stupor deepened to coma. It was 
noted that there was inequality of the pupils, the left being larger than the right. 
It was noted also that there was a developing left-sided hemiplegia with a corre- 
sponding increase of the deep reflexes. The right knee reflex, however, seemed 
greater than the left. There was a double positive Babinski sign at this time. A 
roentgenogram of the skull taken on admission showed separation of the coronal 
suture at the vault. Two lumbar punctures, performed on February 15 and 16, 
showed a clear spinal fluid under greatly increased pressure. The Wassermann 
reaction of the blood was negative. It was evident that there was increasing 
intracranial pressure. The picture was confusing. The patient had a large 
hematoma on the right side of the head, with a left hemiplegia developing five 
days after injury. The left pupil was dilated at this time, being considerably 
greater than the right. 

A bilateral subtemporal decompression was done by my associate, Dr. G. H. 
Patterson, on February 16. On the right side, which was opened first, the brain 
was found to be swollen and wet, but hemorrhage was not encountered. The left 
side was then opened and a subdural currant-jelly clot was found. This clot 
measured approximately 10 by 10 cm. in diameter and was about 1 cm. thick. 
It was removed, and both wounds drained. Following the operation, the patient 
did badly in spite of free drainage of cerebrospinal fluid and intravenous injections 
of hypertonic dextrose. She died at 4 a. m. on February 18, with typical signs 
of hyperthermia. 

The coroner’s autopsy report on February 18 was as follows: “The scalp 
was contused and lacerated on the right side of the head, about 2:inches above 
the angle of the right eye and 1 inch external to the latter. The contused area 
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was about 1% inches in diameter and round, in the center there was an area 
about 1 inch in diameter where the skin was perforated. On reflecting back 
the scalp a fracture was found running from this area across the top of the skull 
to within 1% inches of the left ear. The fracture gaped sufficiently to easily 
admit the blade of the knife and was about 8 inches long. The right eye was 
markedly discolored as was the bridge of the nose. There was a lacerated contusion 
on the outer side of the right ankle joint. A decompression operation had been 
performed on both sides of the head. There were no visible injuries of the 
body. The cause of death was fracture of the skull.” 


In this instance the coroner did not find a subdural hemorrhage as it 
iad been removed at operation. The hemorrhage was on the left side, 
‘he same side as the dilated pupil and the same side as the hemiplegic 
ymptoms. Mention was not made of the general condition of the brain 
y the coroner, but at operation it was observed to be swollen and wet. 
Vhether or not there were deep contusions of the right cerebral 
emisphere is not told, and one is left in the dark as to the cause of 
he left hemiplegia. 


CasE 2.—Dilatation of the left pupil with left hemiparesis five hours after 
vere injury to the head. Right-sided decompression, no hemorrhage, but bruised 
wollen brain. Death. Coroner reported large subdural hemorrhage covering most 
' the left cerebral hemisphere. 

L. C., a man, aged 35, white, married, a motorcycle officer, was seen on the 
ight of May 27, 1926, in consultation with Dr. N. C. Paine of Glendale, Calif. 
\bout 8 o’clock that evening he was thrown from his motorcycle and rendered 
mmediately unconscious. He was examined about five hours later. 

At the time of examination he was found to be in deep coma. There were 
ibrasions about the right cheek and temple, and a large hematoma was present 
inder the right temporal muscle. There was no bleeding from the ears. The 
upils were fixed, and unequal, the left being much larger than the right. The 
‘undus on the left showed the disk to be hazy, but the vessels were not particularly 

engorged and there was no measurable elevation. A few fine hemorrhages were 
seen. One was unable to examine the cranial nerves serially. Shortly after the 
injury it was noted that the patient moved the left arm and leg less than the right. 
When examined all extremities were practically flaccid. At times he would go 
into extensor rigidities. A positive Babinski sign was obtained on the right at 
times, but it was not constant. There was no ankle clonus on either side at any 
time, nor could superficial or deep reflexes be obtained anywhere. A roentgenogram 
of the skull showed a fracture on the right side running down toward the zygoma. 

I quote from the discussion written down before the operation. “It was 
apparent that the patient had received a very serious head injury, concussion 
and contusion of the brain and a skull fracture on the right side. The large pupil 
on the left and the positive Babinski on the right would suggest pathology in 
the left cerebral hemisphere. The blow, however, was received on the right side 
where a large hematoma was present, the skull fracture was on the right, and 
there was a history of greater weakness of the left upper and lower extremities 
soon after the accident.” 

In spite of the patient’s critical condition, it was decided to perform a right 
subtemporal decompression. A large hematoma was found under the temporal 
muscle, which was lacerated and torn. <A linear fracture of the skull was 
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encountered low down in the temporal bone extending down toward the base of 
the middle fossa. The dura was ecchymotic and under great tension. When this 
membrane was opened the brain bulged dangerously, but the cortex did not rupture. 
The brain was badly bruised and greatly discolored, almost purplish. No extra- 
dural or subdural hemorrhage was found. The wound was drained before closure. 
The patient’s condition became worse during the following twelve hours when 
he died. Before death he developed hyperthermia, the last temperature being 
105 + F., the pulse rate, 160+, and the respirations above 40 per minute. 

The coroner examined the brain which was found to be greatly bruised and 
swollen. The greatest damage was in the right cerebral hemisphere. A large 
subdural hemorrhage was found covering most of the left cerebral hemisphere. 
The point of bleeding was not established. The coronal suture was said to show 
separation and a linear fracture ran across the right temporal bone, traversing 
the base of the skull. 


In this instance there was enough damage to the right hemisphere 
to account for the signs of the left hemiparesis observed soon after 
the injury. The hemorrhage of the left subdural space probably did 
not manifest itself at first, and later the patient’s condition would not 
permit a localizing neurologic diagnosis. However, enough importance 
was not given to the dilated left pupil which was present from the first. 


CasE 3.—Dilatation of the right pupil with right hemiparesis within a few 
hours following injury to the head. Bilateral decompression two days later. Sub- 
dural hemorrhage found on the right side. Death. 

J. G., a woman, aged 32, Mexican, married, was admitted to the Los Angeles 
General Hospital on Oct. 24, 1926. She was in an automobile collision earlier 
in the day; was thrown out and brought to the hospital unconscious. There 
was a contusion and ragged laceration of the scalp in the left parietal region. 
There was bleeding from the left ear. The blood pressure was 98 systolic and 
60 diastolic, the pulse rate, 80. A roentgenogram of the skull showed a linear 
fracture beginning in the midportion of the left parietal extending downward 
and forward into the temporal bone, and ending close to the external auditory 
meatus. 

From the first slight paralysis of the right arm and leg was noted, and the 
right pupil was larger than the left. On the day following admission the patient 
moved the right arm and leg slightly, but moved the left arm and leg freely. It 
was noted that the hemiparesis of the right side had increased. The deep reflexes 
of the right side also were more active than those of the left. There was a 
positive Babinski sign on the right; the sign was negative on the left. The right 
pupil remained larger than the left. By the next day, the stupor had deepened. 
The pulse rate was 60; the blood pressure, 100 systolic and 60 diastolic and the 
temperature, 100 F. The Wassermann reaction of the blood was negative. The 
spinal fluid was. bloody. 

The following picture was encountered: external bruising of the left side of the 
head, bleeding from the left ear, right-sided hemiplegia, dilated right pupil and 
fracture of the skull on the left side as shown in the roentgenogram. It was 
thought there was a subdural hemorrhage on the left side, but provision was made 
to explore the right side also if hemorrhage was not found on the left. 

On October 26, my associate, Dr. G. H. Patterson, did bilateral subtemporal 
decompressions. The left side was done first, and a very small extradural clot 
was found, but subdural hemorrhage was not encountered. The brain was swollen 
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and bruised. The right side was then explored where a large subdural clot was 
found. This was evacuated and drained. The bleeding vessel was not found. The 
patient did not do well postoperatively. On October 27, she ran a fast pulse 
(from 140 to 160) and a temperature from 103 to 104.4 F. She died about 
6:25 p. m. on October 28. 

The coroner’s report follows: “We found an abrased contusion on the left 
side of the back in the lumbar region which was about 2 inches square. We 
opened the body, but no injury to the chest or abdominal organs was found. 
Two decompression operations had been performed on the head, one on each 
side above the ear. On opening the skull we found a diffuse meningeal subdural 
hemorrhage over the right hemisphere of the brain. The cause of death was 
traumatic cerebral meningeal hemorrhage.” 


In this instance the hemorrhage was found both at operation and at 
autopsy on the right side. The patient had a right-sided hemiplegia and 
a dilated pupil on the right side. It is probable that although the field 
seemed dry at the close of the operation after the removal of the clot, 
the bleeding continued and the clot reformed. It was this second clot 
which was found at autopsy. Unfortunately, a careful description of 
the brain itself was not given in the autopsy report. The little infor- 
mation that could be gained from the left-sided decompression showed 


hat this hemisphere was bruised and swollen, possibly enough to account 
for the right hemiplegia. 


CasE 4.—Dilatation of the left pupil with left hemiplegia following injury to 
the head. Right-sided decompression ten days later. No clot found. Death three 
lays later. Autopsy revealed large epidural clot on the left side. 

G. N., aged 14, white, a school boy, was first seen in consultation with Dr. 
F. D. Fairchild at the Methodist Hospital on Feb. 28, 1927. 

He was injured on February 26, while riding his bicycle hanging on to the 
back of a truck “for a lift.” When the truck went over an irregularity in the 
road he was thrown off, striking his head and being immediately rendered 
unconscious. 

At the time of examination two days later he had not regained consciousness. 
There was evidence of bleeding from the right ear. Both eyes were ecchymotic 
and swollen. The pupils were small, possibly the left was a little larger than 
the right. They both reacted to light. The fundi showed congestion of the veins, 
but there was no elevation. The boy moved his right arm and leg freely, but 
made little effort to move the left. The deep reflexes on the left were increased 
as compared with the right. There was a double positive Babinski sign, but no 
ankle clonus on either side. The left collar bone was fractured. The temperature 
was 102 F.; the pulse rate, 160 and respirations, 20. A roentgenogram of the 
skull was inconclusive for fracture. 

The lad was observed for about a week. During this time his pulse steadied 
down to about 100, and his temperature varied from normal to 102 F. The left 
pupil gradually became larger than the right. He continued to use the right arm 
and leg freely, but the left side became practically useless. All deep reflexes 
became greatly diminished and at times could not be obtained. The Babinski 
signs disappeared. An outward deviation of the right eye developed. 

It was thought advisable to explore the right side, and, on March 7, a right 
subtemporal decompression was carried out. The dura appeared normal and was 
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not under increased tension. No extradural or subdural hemorrhage was found. 
The brain was bruised and ecchymotic, but there was little increased pressure. 
The wound was closed without drainage. 

For the next three days after the operation the patient’s condition remained pre- 
carious. The question of opening the left side to search for a possible hemorrhage 


was discussed, but was not insisted on. The patient died on March 10, thirteen 
days after his injury. 


Fig. 2.—Base of the skull taken at autopsy in case 4. A massive extradural 
clot is seen on the left side. This patient had a dilated left pupil and a left 
hemiplegia. A small hemorrhage can be seen in the region of the vermis. A 
skull defect on the right side shows site of right subtemporal decompression. 


The coroner made a postmortem examination which I was privileged to witness. 
When the skull cap was removed an enormous extradural hemorrhage was found 
on the left side. Figure 2 is a photograph of the base of the skull taken at the 
time, showing the extent of the clot. It will be noted that there was a small 
hemorrhage in the posterior fossa just above the vermis of the cerebellum. No 
subdural clot was found on either side. The brain appeared swollen and bruised, 
but nowhere were there extensive lacerations of the cerebral substance, and no 
large isolated clots were found in the subcortical areas. 
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In this instance the left pupil was but little larger than the right 
during the first few days following the accident. As time went on, 
however, it gradually became more dilated and during the last three 
days of life was twice as large as the right. Permission for a bilateral 
decompression should have been insisted on. 


Case 5.—Dilatation of the left pupil and development of left hemiplegia a day 
following injury to the head while boxing. Bilateral decompression. Subdural 
hemorrhage found on the left side. Recovery. 

O. M., a man, aged 20, white, bank clerk, single, was first seen in consultation 
with Dr. O. F. Mueller at the Hollywood Hospital on Oct. 31, 1927. About 
4: 30 p. m. on October 30, he was boxing with a friend. He received a sound blow 
m the left side of the head, and was knocked to the mat. He was dazed for a 
econd or two, but probably was not knocked out. At 7 p. m. he had considerable 
headache, felt squeamish and did not eat his dinner. The next morning his head- 
che was more severe and he vomited. He became drowsy and about 11 a. m. 
vecome unconscious. Soon after this a left hemiplegia appeared. A lumbar punc- 
ture showed increased pressure. The first spurt of the spinal fluid was clear, but 
hen became bloody. The second test tube of fluid was very bloody. 

He was seen about 5 o'clock on the same afternoon. At this time he could 
be roused enough to talk, but was dazed and disorientated. There was no bleeding 
from either ear. There was moderate swelling about the left temple where the 
blow had fallen. The left pupil was about twice as large as the right. Both 
eacted well to light. There was moderate ptosis of the left upper lid. The eye- 
rounds were normal. There was definite left hemiplegia. He would move the 
‘ight arm and leg readily. The left leg was moderately weak, the arm very weak, 
ind there was paralysis of the left side of the face of the central type. The 
abdominal and epigastric reflexes as well as all deep reflexes of both upper and 
lower extremities were obtained and were exaggerated on both sides. No ankle 
lonus was present. The pulse rate was 80; the temperature, normal; the blood 
pressure, 140 systolic and 90 diastolic. There were 14,800 white blood cells. 

The comment made before operation is quoted: “It is felt the boy has a sub- 
dural hemorrhage. The question arises whether this hemorrhage is on the right 
side as would be indicated by his left hemiplegia, or on the left side as would 
be indicated by the enlarged pupil. The latter is favored, although the operator 
does not feel that he can neglect exploring the right side as well.” 

Bilateral subtemporal decompressions were carried out. When the right side 
was opened, the dura appeared normal, with moderately increased tension. The 
brain was of the wet, sweaty type and there was a considerable excess of clear 
cerebrospinal fluid. A brain-spoon was passed in various directions, but hemor- 
rhage was not found. The wound was drained and closed. The left side was 
then similarly explored. The dura was purplish and mottled, but the tension 
was subnormal. In fact, the dura sagged, probably due to relief of pressure on 
the right side. When the dura was opened a currant-jelly clot was encountered 
which measured 1 cm. in thickness and 10 by 10 cm. in diameter. It was washed 
out. The wound was then drained and closed. The point of hemorrhage was 
not found, 

The boy’s convalescence was satisfactory. A weakness of the left external 
rectus muscle was noted the day following operation and persisted for several 
weeks. It gradually disappeared, the ocular movements being normal by Feb. 1, 
1928. The hemiplegia cleared up, although there was some weakness and awkward- 
ness of the left hand for six months after the injury. 
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CasE 6.—Right hemiplegia following fall in a woman, aged 62. Hemiplegia 
cleared up in a few days. Gradual development of stupor, with recurrence of 
right hemiplegia thirteen days later. Dilatation of right pupil fifteen days after 
injury. Death eighteen days after injury. Large subdural clot on the right side 
revealed at autopsy. 

F. D. P., a woman, aged 62, was first seen in consultation with Dr. F. N. 
Chessman at the Good Samaritan Hospital on July 6, 1928. About 7:15 a. m. 
that morning her maid found her unconscious in her dressing room. She was 
in deep coma, and there were blood clots on the floor from a small lacerated wound 
of the scalp in the left occipital region. There was a moderately large bump 
on the left side of the forehead. The entire right side was rigid; she was cyanotic 
and her breathing was stertorous. 

She was seen a few hours later at the hospital. Examination revealed a white 
haired woman about 5 feet, 3 inches tall (160 cm.), weighing 165 pounds (74.8 Kg.). 
Small contusions of the left frontal and the left occipital regions were noted. 
Her breathing was easy and her color good. She responded to stimulation by 
moaning and moving a little. The pupils were small, equal and responded sluggishly 
to light. The fundi did not show any abnormal changes. There was weakness 
of the right lower side of the face, and the right arm was flexed and spastic. 
There was some spasticity of the right leg. Nothing abnormal was made out 
in the heart, lungs or abdomen save a well healed laporatomy scar in the latter. 
The superficial reflexes were not obtained. The biceps and triceps jerks were 
quicker on the right than on the left. All other deep reflexes of both upper and 
lower extremities were present, normal and equal. There was no Babinski sign 
on either side and ankle clonus was not present. 

The urine was normal, save for a faint trace of albumin; the hemoglobin was 
86 per cent; red blood cells, 4,928,000; color index, 0.87; white blood cells, 10,500; 
differential : polymorphonuclear leukocytes, 82 per cent; lymphocytes, 14 per cent; 
transitionals, 4 per cent. The temperature was 98.6 F.; the pulse rate, 96; respira- 
tions, 16 per minute. The blood pressure was 190 systolic and 100 diastolic. 
Roentgenograms of the skull did not show any evidence of fracture. It was my 
impression that she had suffered a stroke of apoplexy, the hemorrhage being 
subcortical on the left side. The bruises on her head were considered of secondary 
importance. 

During the next few days her condition improved materially. She became 
conscious, was well orientated and was anxious to know if she could take a trip 
to Alaska as she had planned. The weakness on the right side cleared up so 
that it was hardly noticeable. It was commented on that it seemed strange that 
there was no defect in speech, as would have been likely in a left-sided cerebral 
hemorrhage. A positive Babinski sign was found on the right side at times. The 
blood pressure dropped to 150 systolic and 80 diastolic. Eight days after the 
onset she complained of some headache. Twelve days after the onset the head- 
ache became severe and she showed a tendency to drowsiness. 

On July 19, thirteen days after the onset, her headache became more severe 
and she was stuporous at times. It was noted that the right arm and leg were 
again becoming paretic, the right arm more so than the leg. The pupils were equal 
and reacted to light and distance. The fundi showed some congestion of the 
vessels, but the disk margins remained clearcut. The deep reflexes on the right 
were greater than on the left; there was a positive Babinski sign on the right 
and a negative sign on the left. The blood pressure rose to 160 systolic and 
90 diastolic, but the pulse remained about 80 and steady. 














RAND—INTRACRANIAL HEMORRHAGE 1187 


On the morning of July 21, she was in deep coma with stertorous breathing 
and moisture throughout the chest. On this date it was noted for the first time 
that the right pupil was greater than the left; both were static. The fundi 
showed over-filling of the veins, but were otherwise normal. 


The deep reflexes 
of the arms were active and equal. 


No deep reflexes of the lower extremities 
could be obtained, but there was a double positive Babinski sign. A lumbar 
puncture at this date showed a clear, slightly yellowish spinal fluid under 320 mm. 
of pressure. It contained one cell, a slight increase in globulin content and a 
negative Wassermann reaction. 

The question of exploration for a subdural hemorrhage was discussed and 


was not considered feasible. The patient lingered for three more days and died 


Fig. 3—Brain in case 6, showing remains of a large subdural clot on the 
right side. This patient had a right hemiplegia and dilated right pupil shortly 
before death. A left-sided cerebral apoplexy had been diagnosed. 


on the morning of July 24, with a terminal temperature of 107.6 F.; pulse rate 
150 and respirations of 60 per minute. I was not satisfied that the condition 
was a cerebral hemorrhage of apoplectic origin, although I did not sense the 


significance of the dilated right pupil which was present for three days before 
her death. 


Autopsy of the brain was performed by Drs. Hammack and Maner on July 2. 
Their report follows: 

“On removing the calvarium the dura over the right hemisphere is bulging 
and dark blue. That over the left hemisphere appears normal. 
extensive subdural hemorrhage completely enveloping the whole superior aspect 
of the right cerebral hemisphere (fig. 3). It is approximately 1 cm. thick. The 


There is an 





1188 ARCHIVES OF SURGERY 


center of this is soft and consists of fluid blood and dark red clots while the 
outer portion is more firm greyish red, stringy and is adherent to the inner surface 
of the dura. The pia of the hemisphere is present and is uniformly thin and 
blood stained. The right hemisphere is compressed and over the upper portion 
of the parietal and frontal lobes the surface level is approximately 1 cm. beneath 
that of the left hemisphere. The convolutions are smaller and more prominent 
than the corresponding ones on the left side. The hemorrhage is limited to the 
anterior and middle fossae of the skull, the falx cerebri and the tentorium cerebelli 
acting as barriers, there being no hemorrhage whatever in the posterior fossa 
surrounding the cerebellum, nor any hemorrhage over the left hemisphere. 


“The ventricles are apparently of normal size but the right is flattened. The 
medial surface of the right hemisphere bulges to the left and there is a pressure 
indentation on the medial surface of the left hemispkere. There is no hemorrhage 
into the ventricles or the basal ganglia. The vessels over the cortex on the right 
side are all thin walled and distended. No points of rupture can be demonstrated. 
The basilar artery is tortuous and ‘s’ shaped and the walls are thickened and 
somewhat beaded. The vertebral vessels are thickened and artheromatous. The 
left middle cerebral artery is moderately thickened and atheromatous and the 
lumen is larger than the corresponding vessel on the right. The dura itself does 
not appear to be thickened. The hemorrhage appears to be attached to it by 
means of a thin reddish brown membrane which scrapes away easily. The skull 
is very thick and dense but no fractures can be demonstrated. 


“Cause of death: Extensive subdural hemorrhage involving the whole of the 
right cerebral hemisphere.” 


CasE 7.—Dilatation of the left pupil and occurrence of left hemiplegia six 
hours following injury. Disappearance of these symptoms the next day, to return 


three days later. Death eight days after injury. Autopsy revealed large subdural 
hemorrhage over the left parietal lobe. 


Dr. William Edler of Pasadena, Calif., gave me notes on a similar case which 
came under his observation about two years ago. 


T. R., a woman, aged 53, was riding in an automobile on June 16, 1926. A 
rear end collision with another automobile occurred. Her head was forcibly 
jerked back, and she struck the back of it against the upholstering and frame- 
work of the car. She apparently did not suffer any ill effects, and drove home. 
An hour or so later, she had some headache and nausea and called her physician, 
Dr. Luckey. She had formerly been under his care for hypertension, and he 
attributed her complaint to this condition. That afternoon when the patient 
complained of some weakness in her left arm, he was called again. 


A neurologic examination at this time disclosed complete paralysis of the third 
nerve with accompanying mydriasis on the left side. There was a spastic paralysis 
of the left arm and a semispastic paralysis of the left leg with pathologic toe 
phenomena on the left side. A spinal puncture showed a clear fluid under 20 mm. 
of pressure (mercury). The following day the whole syndrome had cleared up. 
The ocular movements were normal, and the patient had regained complete con- 
sciousness. Three days later, the whole picture recurred accompanied with deep 
coma. The spinal fluid was clear and drainage produced no effect. She died 
eight days after the accident. The postmortem examination done by the coroner 
showed a fracture through the petrous portion of the temporal bone. There was 
a large subdural hemorrhage over the left parietal cortex. 
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SUM MARY 


It is believed that hemorrhage is usually greatest on the side of the 
dilated pupil. In cases in which hemiplegia and the dilated pupil were 
homolateral, intracranial hemorrhage was found on the same side. 

Apparently bitemporal decompressions are indicated in such cases, 
is either a dilated pupil on the homolateral side or a hemiplegia on 


the contralateral side are too important to disregard in looking for 
hemorrhage. 


In some cases one is unable to assign any cause for the homolateral 
In others, extensive damage to the opposite cerebral 
iemisphere has been found at autopsy. 
ontralateral hemiplegia. 


hemiplegia. 


This may account for the 


Any‘mydriatic should be avoided in studying cases of injury to the 
ead, as it may cover up a unilateral dilatation of the pupil. Morphine 
kewise should be avoided if possible, as it causes myosis and also 


contraindicated from the standpoint of concealing signs of oncoming 
tupor. 





















THE 





ART OF SURGERY * 


ELLIOTT C. CUTLER 


Surgery began as a child of trauma. When our prehistoric ancestors 
fell from trees or their descendants stumbled at the mouth of a cave and 
broke their bones, there appeared the need of some form of treatment. 
Men injured in battles—in early days restricted to personal encounters, 
though now through what is called civilization involving whole nations— 
needed care. Splinting, bandaging and perhaps even the use of the 
tourniquet must have been the earliest developments. Later, with 
sharpened flint, blood was let, abscesses emptied, tissues scarified, and 
even skulls trephined. Gradually, experience demonstrated the best 
methods of care. By repeated application of this elementary knowledge, 
a certain degree of skill was developed, and the first teachers of surgery 
began to hand on their craftsmanship. Thus surgery began as an art. 
By an art is meant the skilful application of knowledge in effecting a 
desired result. It is a matter of craftsmanship as opposed to science. 
It is practice in comparison to study of the ascertained truths or facts. 
It connotes the use of the hands. Thus all surgeons are in a sense 
artists, just as musicians, sculptors, painters and architects are artists. 
And this matter of the proper use of the hands in the skilful perform- 
ance of one’s tasks is still the major problem in surgery. Science, 
which is the systematization of knowledge and its study, must be the 
surgeon’s next-of-kin and his greatest aid in progress toward a fuller 
exploitation of the art, but for the art itself there remains and always 
will remain the supreme necessity for skilful handiwork. This in sur- 
gery is the basis of practice. And this technical skill is acquired by 
practicing precisely and beautifully the principles of surgery. 

Surgery, today, in the minds of the laity is considered largely an 
art, a matter of handiwork. This attitude of mind is deeply rooted in 
the past, and nonprofessional people cannot evaluate the knowledge 
which perfects the art. Shortly after the time of Hippocrates when all 
branches of the healing art were happily unified, surgery came to be 
looked on largely as a menial task involving simple craftsmanship. 
The mediciner considered himself too much a scholar to humble himself 
with practical remedial measures such as bloodletting or the care of 
wounds and fractures. These procedures were relegated to the barbers 
who were among those who used their hands, and who moreover pos- 
sessed cutting instruments. Thus in a sense, armamentarium played a 
part in the creation of the first medical specialty, surgery. But with this 


*From the Department of Surgery, the Western Reserve University School 
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segregation of the practical manual remedial measures to the barbers, 
the mediciners lost a most important stimulus. They relegated to a 
ereat extent matters which required handiwork, and moreover matters 
frequently requiring immediate assistance. The imperative demands 
that result from trauma necessitate immediate therapy. In addition, 
the interior of the body may be exposed. Experience, obtained through 
the method of trial and survival, resulted in the slow accumulation of 
knowledge. Driven by urgent necessity to treat, the immediate matters 
ave rise to a practice, to an art that was slowly improving with the 
ianding down to succeeding generations of the results of the practice 
f the art of its predecessor. Practice makes for perfection, and as 
e barbers practiced, so they learned, while their scholarly confréres 
ere lost in fruitless speculation and scholastic subtleties. The 
ediciners became philosophers and turned away from experimentation 

d the study of the body. They were forced into that narrow 

\servatism and into that intellectual trap which considers historical 

ywledge as wisdom, and which inhibits observation and search for 

truth. Thus medicine passed through the dark ages. The surgical 
mbers of the profession, though outcasts, used their hands and 
plied their art. Urgent necessity drove them to make a trial, and by 
al valuable facts were accumulated. Gradually these barber-surgeons 
gan to unravel the mysteries of the body, and their development 
lminated in the great figures of Paré and Hunter. The mediciners, 
vithheld by tradition from close touch with the body, saw their 
‘spised colleagues bring to the profession of medicine observations of 
e greatest importance. As is always true, practice brought forth the 
rt, and practice of the art begat science. 

The matter of the art of surgery has indeed largely held pre- 
dominance in the minds of surgeons themselves. This has been both 
‘ortunate and unfortunate: fortunate in that great attentior? to the 
practical performance of the task has resulted in great emphasis being 





placed on the skill and dexterity with which the operation may be . 


performed; unfortunate in that it has given undesirable emphasis on 
manual dexterity alone. Human beings for the most part find satis- 
faction in using their hands. One has but to watch the baby, see the 
young child with his crayon and blackboard, study the boy with his 
knife or the avocations of “grown-ups.” It is not unnatural, therefore, 
that the surgeon whose work must daily be accomplished with his hands 
should place the greatest emphasis on his manual ability. But skill in 
practice will not perfect the art unless at the same time all available 
knowledge be utilized to improve the methods of practice. In modern 
times, surgery practiced by the hands but without a knowledge of 
anatomy, physiology and bacteriology would not be tolerated. Thus 
the surgeon must keep abreast of the march of medical science, and in 
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fact, must play a role therein himself. He must not practice blindly, 
nor must he become so engrossed in the practice that he is deterred 
from the making and correlating of new observations which in turn 
will better his art. This danger of too great attention to the practice 
is common to all professions in which handicraft prevails. It has in 
surgery given rise to the suggestion that individual members of this 
specialty might well be designated as either surgeon or operator. 
Individuals in the latter group, because of the mass and attraction of the 
craft itself and though most skilful from the constant use of their 
hands, fail to make original observations or to see the principles and 
problems which daily pass their ken. But others who are called surgeons, 
such as Billroth, Thiersch, Halsted, and he in whose honor these papers 
are dedicated, found in the daily accomplishment of their task principles 
and problems of supreme importance for the betterment and develop- 
ment of the art. Such people have the great gifts of imagination and 
persistency. Moreover, they are more than craftsmen because whatever 
they do an inner spirit moves them to do beautifully. They recognize 
the value of details and realize that on the finesse with which such 
details are accomplished depends the final result. 

Surgeons of this type approach their operations with trepidation, 
because they realize far better than their busy colleagues the risks and 
dangers of the operation. Etched on their sensitive souls is the ideal 
of healing per primam intentionem, and their observations have made 
clear the danger of loss of blood. Their imagination will picture 
the terrible possibilities of simple technical errors for which their 
intelligence has already demonstrated both the cause and the prophylaxis. 
They will visualize the hurriedly tied ligatures, which they know may 
suffice for hemostasis toward the end of a long operation with a falling 
blood pressure, “blowing off” later with the restoration of a normal 
blood pfessure. They will worry about the difficulty of bringing ten 
sterile hands to the wound, about the proper toilet of the skin, the 
draping of the sterile linen, the assistant with coryza, the new scrub- 
nurse, the willing but stupid and overzealous orderly and the hundred 
important matters, all of which must reach perfection if the patient is 
to be completely protected. The greater the knowledge, the more the 
worry. Individuals of this type will not rest content to let assistants 
close their wounds; they will be driven by a sense of responsibility to 
see the job through, even to the dressing and finally to seeing that the 
unconscious patient is placed in the correct position in bed. All this 
concerns the art of surgery, the handiwork which willy-nilly must be 
the surgeon’s task each day. It concerns things done with the hand, 
though the mind and “heart” play a large réle in their accomplishment. 
If the surgeon be a real artist what he does is always meticulously and 
beautifully done, from arranging the light and the way the scalpel is 
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held to the final bandage. Shakespeare’s Polonius said “the apparel oft 
proclaims the man.” So too in surgery do bandages proclaim the 
surgeon. Untidy dressings frequently represent a “sloppy” performance 
within. 

The craftsmanship of surgery when seen from without or when 
viewed in the foregoing light seems complicated and confused, and yet 
it is all based on extremely simple principles. The principles of surgery 
are all covered under anesthesia, hemostasis and asepsis. The surgeon 
who can avoid pain, lose a minimum amount of blood and keep the 
wound sterile can explore all the cavities and portions of the body with 
complete safety to his patient. Stated thus it appears a simple matter. 
Looked at seriously it presupposes an excellent knowledge of anatomy, 
physiology, bacteriology and pathology, a conscience that works when 
no one is present and an attention to detail and to care in the use of the 
hands that only a few have the diligence, ability and imagination to 
ractice. 

HEMOSTASIS 

The problem of hemostasis arose with the first attempt to treat a 
wound. Discussions of hemostasis must have arisen long before even the 
nedicineman or his prehistoric prototype had been set aside as a privileged 
erson at the tribal camp-fire. It is still a much discussed matter, 
and it is the fear of hemorrhage that is the chief force in withholding 
major surgical procedures from the hands of quacks and charlatans. 
Massive hemorrhage, as may occur from opening the heart or the 
iccidental wounding of a major artery, is a terrifying spectacle, yet 
10 more disturbing than the slow and fatal oozing from the gum of a 
hemophiliac following a visit to his dentist. The control of hemorrhage 
has for at least two thousand years been a major problem in surgery. 
[t still is a major problem though fortunately now one of prophylaxis 
rather than of therapy. For a thousand years it figured largely in 
philosophy, in fact, ever since it was first noted that as the blood 
ebbed forth the spirit departed. Could the spirit reside in the blood 
and why the “innate heat”? Speculation—hbitter, prolonged and to 
scientifically trained minds foolish—waged a bitter battle until once 
and for all the great Harvey explained the circulation of the blood and 
the matter was cast aside by the philosophers and relegated to the 
surgeons where it was being diligently studied. Paré was credited with 
bringing the use of the ligature to aid the surgeon in hemorrhage, but 
Celsus spoke of it, and its exact beginnings are unknown. Certainly it 
was not in common usage until three hundred years ago, for boiling oil 
and the hot iron accompanied surgical procedures well after the days 
of Paré. Secondary hemorrhage due to sepsis may have been the chief 
reason why the ligature was not more widely used. Thus it was not 
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until Pasteur and Lister definitely outlined the role of bacteria in 
surgery that hemostasis in the modern sense was really practiced. When 
operations could be completed and the skin closed over buried sutures 
and ligatures, modern surgery began. Thus it required antisepsis and 
asepsis before hemostasis in the present sense could be achieved. But 
this came slowly. Although after 1846, through the precious discovery 
of anesthesia, the patient could be put to sleep and rendered insensitive 
to pain and though instruments and ligatures were at hand for con- 
trolling hemorrhage, and asepsis assured the healing of the wound, 
surgeons still hurried through intricate major procedures as in the days 
before anesthesia. The result of all this haste was incomplete hemo- 
stasis. In the case of a radical operation for the removal of cancer of the 
breast, the ordeal was put through in from twenty to thirty minutes. 
This made it impossible to care for all the bleeding points, it meant 
great slashes at the delicate tissue, it meant undue haste in the exposure 
so that traction on skin edges and in the wound was excessive, and 
it meant careless and often faulty apposition of the wound. For- 
tunately, a school of surgery characterized already as a “school for 
safety in surgery” arose in this country under the stimulus, guidance 
and example of the late William Stewart Halsted. He demonstrated 
that an operation lasting three and even four hours, if all the principles 
of surgery were utilized, did little harm to the patient. His painstaking 
devotion to hemostasis, to asepsis, to the delicate handling of tissue and 
to the artistic finish of his handicraft were of the greatest value to 
surgery. He introduced new hemostatic forceps with small jaws at the 
crushing points so that a minimum of tissue beyond the vessel was 
injured; he demonstrated the great decrease in the reaction in the 
wound when fine silk ligatures were used that included only the 
injured vessel, and his reapproximation of a wound attempted to bring 
together the tissues layer by layer as they belonged and without leaving 
dead spaces. His cases were a forcible demonstration of the fact that 
if the volume of blood is not diminished and the patient not otherwise 
traumatized, the duration of the anesthetic is of relatively little impor- 
tance. This demonstration has been largely responsible for the 
disappearance of the “slap-dash” type of surgery so popular a short 
time ago in public operating theaters and so foolishly called in its day 
“dexterous” and “skilful.” No serious major procedure can be 
accomplished without danger to the patient in the short fifteen to thirty 
minutes not so long ago thought to represent the maximum and opti- 
mum duration for such affairs. Naturally, I do not refer to emergency 
procedures where special reasons for haste may prevail, though even 
in these cases if more time is taken before operating to establish a 
satisfactory condition in the patient, the final results may be more 
satisfactory. 
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With such a clear demonstration of the status of hemostasis, its 
supreme importance and the inevitable, terrible sequelae which follow 
serious loss of blood, it is surprising that the application of this 
principle is not more rigidly adhered to. Failure to comply with this 
principle not only raises the danger of diminished loss of blood but 
means that the operative field is obscured. When one cannot see 
clearly what one is to cut, it is usually safer not to cut. To operate 
through a veil of blood is usurping God-like qualities, as if one could 
ee through blood! Or it is placing too great reliance on a knowledge 
f anatomy or rather a misconception of anatomy since no two people 
re just alike. Thus the technical matter of the control of hemorrhage 
ssumes a predominant role in surgery. To practice meticulous hemo- 
iasis requires great delicacy of touch, dexterity and manual perfection. 
ireat dexterity alone, however, is insufficient if not backed by a full 
cientific appreciation of the task in hand. “Slapping” a lot of forceps 
urriedly into a wound is not true surgical craftsmanship, and indeed 
s far removed from it as is the carpenter’s job of hammering in a lot 

nails. True craftsmanship here means the careful and accurate 
lacing of the hemostatic forceps exactly on the bleeding vessel, which 
hould be so isolated that only the vessel itself is clamped. This is 
etter done when the vessel is clamped before division. To grab at a 
leeding area hurriedly means the inclusion of many cells other than 
ie vessel wall, all of which are to die if thus injured. The result is 


n indurated wound. Surgeons who have such wounds may well pause 


) consider the cause thereof. 

Moreover, many surgeons use heavy strands of sterile preserved 
inimal tissue, i.e., catgut and kangaroo tendon, for suture and ligature 
inaterial. They should realize that this dead organic matter creates 
. large inflammatory reaction similar to that produced by destroying 
\utogenous cells by rough handling of any nature. The reason given 
for the use of these heavy materials is that great force is often needed 
to reapproximate wounds. This argument, however, loses weight when 
one considers that the material through which the suture passes is 
living matter and that if great tension is used the living cells will die and 
thus the wound separate even if the sutures remain intact. Multiple 
fine sutures so delicate that they will break if used under great tension 
will accomplish the task better, and at no point will sufficient force be 
used to kill and cut through the living tissues. This lesson is seen 
in “Gulliver’s Travels” when an infinite number of delicate strands 
satisfactorily held the (to the pygmies) giant visitor. This all 
emphasizes the handiwork of surgery, how important it is to clamp the 
vessel exactly, how vital it is to tie each knot securely, how necessary 
to place all sutures with meticulous care. 
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Moreover, it emphasizes further that great attribute of art—the 
correct selection of materials. The surgeon should be just as critical 
in the selection of scalpel and forceps as the artist in the selection of his 
brush, the sculptor in the selection of his hammer and chisel or the 
violinist in the selection of his bow. Those operators who are content 
to use poorly balanced knives, forceps with large crushing jaws, needles 
of a size and type better suited to shoe-leather than living tissues cannot 
succeed, since in their practice of the art they fail to utilize all pos- 
sibilities. This does not mean that good surgery cannot be practiced 
without the most elaborate equipment. In fact, the real surgeon who 
understands the principles of his art will be enabled to accomplish 
creditably and safely a major technical operation with his razor, his 
wife’s silk thread and a pair of “tweezers” from his toilet case. It does, 
however, emphasize how important it may be in a teaching hospital to 
have only the most perfect and delicate apparatus and instruments so 
that the young surgeon will from his earliest training learn finesse, 
delicacy and beauty in his work. 


ANESTHESIA 

Anesthesia is the second principle of surgery in chronological 
development. Surgeons of today cannot picture the terrible ordeal 
of operations before this great gift was brought to ease man’s 
sufferings. The use of spirits or wine and of various soporific and 
analgesic drugs to alleviate pain antedates written records. But these 
were not entirely effectual, and the gift of general anesthesia, first as 
ether in 1846 and then as chloroform in 1847, opened up a golden era 
for surgery, an era unfortunately in its earliest days filled with the 
terror of sepsis and only reaching the rich fulfillment of its possibilities 
after the work of Pasteur and Lister was appreciated. Now the 
surgeon has at his command a vast array of anesthetic drugs, both 
drugs which induce sleep with complete freedom from sensation and 
those which by local injection or application may remove from the field 
of operation sensitivity to pain. The great matter for the surgeon in 
relation to these drugs is which to choose. He must suit the anesthetic 
to the requirements of the case in hand. But having done this, he must 
also see that it is administered correctly. Nothing is more disturbing 
to the surgeon than a poorly administered general anesthetic, and yet 
in no branch of their art do surgeons as a whole evince so little 
knowledge. Thus instead of being a mental as well as physical help at 
such times, they fret and worry their anesthetists by inept remarks and 
an incapacity for withholding their hands that is often astonishing 
and always lamentable. One draws the obvious deduction that surgeons 
should know more of both the art and the science of inhalation anesthesia. 
They should appreciate the alveolar tension of the anesthetic gas opti- 
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mum for producing anesthesia. Then they would not insist on pouring 
on a uselessly high concentration which can serve no purpose except 
to irritate the patient. Furthermore, they should know all the manual 
tricks of this special form of their handicraft; how to hold up the jaw, 
why and when intranasal and intrabuccal apparatus is wise, how ether 
masks are best constructed and what are the tricks by which a worried 
child or nervous woman can be initiated to the anesthetic. 

When it comes to the use of local anesthesia—whether spinal, con- 
luction, infiltrative, or in whatever special form desired—one is again 
onfronted with the problem of craftsmanship. Here again the use 
f the hands is the mechanism for producing the desired result. The 
vay a syringe is held, the size and length of the needle, the preliminary 
nd in some cases difficult but important infiltration of the corium all 
re matters of technical performance. Merely to “squirt’’ in several 
hundred cubic centimeters of procaine hydrochloride is unwise and 
mmetimes hardly so efficacious in accomplishing the task as a far 
maller amount of the drug correctly placed. The most sensitive nerve 
ndings are near the skin; fatty tissue has a relatively sparse supply, 
nd some viscera have none. Large amounts of a watery fluid greatly 
listend the tissues, and finer vessels are so stretched they may not 
unction so that a relative anoxemia is produced. This may injure 
ermamently cell life so that in addition to cells killed by the needle or 
\y the fluid and also in addition to the great amount of fluid which must 
e carried away, there may be a tendency to local death of cells from 
his cause alone. All this damage creates a ““wet’’ wound and in some 
linics where careful hemostasis is not practiced wounds are not closed 
er primam. This is a serious reflection on the craftsmanship of the 

surgeon. 
ASEPSIS 


The third principle of surgery and the last to become established is 
asepsis. When dealing with this principle, the application of the art 
becomes of vital importance. Here one must consider the per- 
formance of the operation itself as well as all the preliminary processes 
of sterilization that precede the operation in order to bring to the 
wound nothing but sterile materials. This matter of sterilization is a 
chief province for the surgeon. Unfortunately, it has been largely 
delegated to nurse-assistants, but no surgeon of real standing can afford 
to operate in a hospital where he is unfamiliar with the methods of 
sterilization or relieved of responsibility for the proper performance 
of these important matters. Not so long ago surgeons benefited in this 
province by the fact that many operations were performed in homes 
where the surgeon himself personally saw to all the details of steril- 
ization. Surgeons of another generation may escape such great labors 
in this province, but they can never escape the responsibility. 
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As concerns what happens in the field of operation itself, the surgeon 
has momentous and continuous responsibilities regarding asepsis. He 
will do well to recall the words of Arthur Tracy Cabot, “Every opera- 
tion is an experiment in bacteriology.” One cannot hope to keep any 
wounds free from bacteria but the entrance of virulent organisms or 
of too large a number of avirulent but pathogenic organisms can be 
prevented. This can be done only by the most assiduous care and 
constant attention to details. The art of surgery is nowhere better 
expressed than in the control of sepsis. It concerns the preparation of 
the skin, the draping of the field, the eye, which though always on the 
task at hand, never misses a “break in technic,” the ability to see the 
tiny hole in an assistant’s glove and the patience to wait until it is 
changed, the constant determination to see all hands before him lest 
some be hanging down in their natural position and therefore endanger- 
ing their sterility, and the quick realization of a new and clumsy 
assistant whose nonsterile back touches the instrument table. Finally 
appear that exquisite handling of tissues, that delicacy and gentleness of 
touch, that care for the insensitive part which attempts to replace the 
protection given by now paralyzed nerve endings. All this care the 
surgeon knows means less injury to cells and therefore less “reaction” 
in the wound. Wiping with a dry piece of rough gauze, a ruthless 
treatment of delicate living cells, the content of which is largely water, 
will be done away with, and pads of cotton or gauze moistened in warm 
physiologic solution of sodium chloride will be used as gentle sponges, 
pressed on the part and then carefully withdrawn in order to injure 
as little as possible. Thus tiny thrombi will not be torn away and a 
larger thrombus engendered, and the cells will not be vitiated by dehy- 
dration. 

Finally, in the closure, the greatest care will be taken in reapproxi- 
mating the severed parts layer to layer, avoiding unnecessary tension 
and obliterating all “dead spaces.” As the skin closure is approached, 
the subcutaneous tissue will be accurately held together in a somewhat 
elevated ridge so that no tension is brought on the final row of skin 
sutures. These latter may even be covered with some antibactericidal 
dressing, such as silver-foil, to seal off carefully the danger of further 
infection from the skin, a part that cannot be sterilized. Lastly, comes 
the dressing itself, neat, with just the right elasticity and compression, 
nowhere better described than by Hippocrates. And then the position 
in bed, on the side, with free room for respiration but in a position 
where vomiting does not mean that the upward explosion is followed 
by intratracheal insufflation ! 

There are other matters that concern the art of surgery, but which 
deal less directly with its craftsmanship. Transcending in importance 
all considerations not here dealt with and vital to the easy and correct 
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performance of what has been related is the position of the light. This 
might best be discussed under the caption of exposure. Hippocrates 
wrote: 
The things relating to surgery, are—the patient; the operator; the 
assistants; the instruments; the light, where and how; how many things, 


and how; where the body, and the instruments; the time; the manner; the 
part. 


This paragraph might well hang today in every operating room for 
it comprises in a short sentence the really important matters of the 
art of surgery, and it seems to emphasize particularly the light and the 
position of the patient. There is nothing more distressing to an 
experienced surgeon during a visit to the operating room of a colleague 
than to find his friend in a well lit operating room, but the patient and 
his assistants so placed that the wound is carefully shaded from the 
incalculable benefits of the excellent illumination. Only when the patient 
and operator are comfortable and the light correctly focused into the 
wound and the exposure ample can the principles of surgery be prac- 
iced in their most adequate form. 

All these matters concern the art of surgery. They are the things 
surgeons accomplish with their hands. They must be exquisitely done, 
with dexterity, confidence, gentleness and even beauty if they are to 
reach their fullest expression. By constant practice perfection in this 
irt is obtained, and by practice of the art, science makes its slow move- 
ment onward. It has been most unfortunate that in recent times in both 
popular and professional circles, science has been thought the more 
important matter. Let those who have expressed such ideas recall the 
history of science, how practice of the art, how experimentation, how 
trial and survival all preceded progress in science. Let them recall what 
happened to science for a thousand years when practice was neglected. 
Then will the art receive full and just credit for its share in the progress 
of human knowledge. 


He in whose honor these papers are prepared has by his works 
and his example beautifully expressed the art in surgery. His technical 
performance, his craftsmanship have permitted him each day to create 
with his hands work of real beauty. The finesse with which he 
accomplishes each technical step, the great care devoted to tissue, the 
correct use of instruments and apparatus, the precision and dexterity 
of his handiwork have allowed him to explore an important field. In 
this special field, his studies have been of great value in furthering 
medical knowledge. Thus one views a concrete example of how prac- 
tice of the art begets the science. To those privileged to watch the 
performance and study the results there has been bequeathed a great 
stimulus and the hope that diligent attention to the same principles 


may still further benefit the science. So will pupils ever follow the 
master. 








THE CEREBRAL CIRCULATION 


VIII. A QUANTITATIVE STUDY OF THE CAPILLARIES 
IN THE HIPPOCAMPUS * 


STANLEY COBB 


The capillary circulation of the brain has received little attention 
from investigators of cerebral physiology. Although Hill,’ in 1895, 
pointed out the relationship between the blood flow through the brain 
and its metabolism, it is only in the last few years that any quantitative 
studies of the blood supply to nerve tissue have been made. A com- 
parison between the capillary bed of the brain and that of other organs 
is significant. Krogh * measured the capillaries in muscle and made a 
plea for more quantitative studies of this sort, saying: “I believe that 
when taken up in earnest by competent anatomists, the field of quan- 
titative anatomy will prove to be a rich and fruitful one. Many 
determinations of vascular and glandular surfaces are urgently needed 
as a basis for quantitative physiological work.” 

In a previous paper,*® I deduced from the published work of Wearn, 
Krogh and Craigie that cardiac muscle, when injected, shows 11,000 
mm. capillary length per cubic millimeter; active skeletal muscle has 
6,000 mm.; while muscle injected while at rest has only 2,000 mm. of 
injected capillary. In contrast to this, the gray matter of the cortex 
has but 1,080 mm. of capillary per cubic mm. These calculations are 
rough, but they indicate the great difference in vascularity between the 
tissues. In a general way, anatomists have long recognized that the gray 
matter of the brain, and the nuclear masses are more richly supplied with 
capillaries than the white matter. Pfeifer,* in his recent work, gave an 
admirable account of the historical development of the subject. He also 
described the general arrangement of the capillaries of the pia, brain stem 
and cerebrum, and illustrated his text with beautiful plates. He gave lit- 
tle attention, however, to the true vasoarchitecture of the cerebral cortex, 
and made but two brief attempts at quantitative study of the capillaries, 


*From the Department of Neuropathology, Harvard Medical School, Boston. 

1. Hill, Leonard: The Physiology and Pathology of The Cerebral Circula- 
tion, London, J. & A. Churchill, 1896, p. 152. 

2. Krogh, August: The Anatomy and Physiology of Capillaries, New Haven, 
Yale University Press, 1924, p. 21. 

3. Cobb, S., and Talbott, J. H.: Studies in Cerebral Circulation: II. A 
Quantitative Study of Cerebral Capillaries, Tr. A. Am. Physicians 42:255, 1927. 


4. Pfeifer, R. A.: Die Angioarchitektonik der Grosshirnrinde, Berlin, Julius 
Springer, 1928. 
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which will be discussed later. Craigie *® believed that the richness of 
the capillary supply is directly related to functional activity, and his 
excellent work on the albino rat ®° showed that the nuclei of the brain 
stem are exceedingly vascular organs, much more so than the white 
matter; moreover, certain nuclei are much more vascular than others. 
He also made careful observations on the cerebral cortex,’ and his 
quantitative studies show that the different cortical layers vary some- 
what in the richness of their capillary-supply, the fourth layer (lamina 
granularis interna) being always the most vascular. He did not give 
any measurements of the the hippocampus. 

The great work of the Vogts on cerebral architecture aroused 
widespread interest in the laminations of the cerebral cortex. 
Speculations as to the functional significance of these layers have 
been made; in 1914, Bolton ® even suggested a reclassification of the 
psychoses on the basis of selective degenerations of certain cortical 
laminae. From Vogt’s laboratory, one paper on vasoarchitecture has 
appeared, the great bulk of work from there having been concerned 
with the cytoarchitecture and myeloarchitecture. This paper on brain 
capillaries is by Lorente de No; ° it describes and pictures the capillary 
network of the area striata, area peristriata and Ammon’s horn. In 
the occipital cortex, the fourth layer is apparently the most vascular 
ind, in Ammon’s horn, the pyramidal layer, but capillary-measurements 
are not given. 

The present study aims to contribute to the knowledge of the 
cerebral circulation by giving quantitative data concerning the capillary 
blood supply of certain laminae of the rhinencephalon of the rabbit. 
Capillary counts were made in three laminae of the hippocampus; the 
results are compared, and then all three are added and averaged under 
the name of “hippocampus” for comparison with counts from other 
areas. The terminology of Potter *° is used, since her work gives the 


5. Craigie, E. H.: Postnatal Changes in Vascularity in the Cerebral Cortex of 
the Male Albino Rat, J. Comp. Neurol. 39:323, 1925. 

6. Craigie, E. H.: On the Relative Vascularity of Various Parts of the Central 
Nervous System of the Albino Rat, J. Comp. Neurol. 31:429, 1920. 

7. Craigie, E. H.: The Vascularity of the Cerebral Cortex of the Albino 
Rat, J. Comp. Neurol. 33:198, 1921; The Vascularity of Various Parts of the 
Central Nervous System of the Dogfish, Squalus Sucklii (Girard), ibid. 46: 
108, 1928. 


8. Bolton, J. S.: The Brain in Health and Disease, New York, Longmans, 
Green & Company, 1914. 


9. Lorente de NO: Ein Beitrag zur Kenntnis der Gefassverteilung in der 
Hirnrinde, J. f. Psychol. u. Neurol. 35:19, 1927. 


10. Potter, Ada: An Anatomical Guide to Experimental Researches on the 
Rabbit’s Brain, Amsterdam, W. Versluys, 1911. 
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cytoarchitecture of the rabbit. An exhaustive study of the rhinen- 
cephalon recently came from the laboratory of Vogt by his co-worker, 
Rose." 

The relationships of the various layers are confused by the con- 
voluted form of the Ammon’s horn, but, taking the dentate fascia as 
the outer surface of the structure (fig. 1), one finds from without 
inward: first, the lamina molecularis; beneath this, the narrow and 
not well defined lamina lacunaris, and between this and the conspicuous 
lamina pyramidalis, a wide layer mostly composed of dendrites from 
the pyramidal cells. They lie in even, radial formation, giving the name 
stratum radiatum to the layer. Close below this, as mentioned before, 
is the lamina pyramidalis, composed of large, rounded or oval nerve 
cells; the axons from these cells pass downward through the stratum 
oriens to the alveus. The layer of pyramidal cells curves slightly to 
its sharp bend, and then rolls inward to its end-plate, which is capped 
by the narrow, darkly staining granular layer of the gyrus dentatus. 
Not only is the anatomy of this part of the brain difficult to comprehend, 
but it has been made more so by the various nomenclatures used by 
different investigators. In this work, I have followed the nomen- 
clature of Potter,’® which is best illustrated in her plate 1V. In order 
to correlate this nomenclature with that of other authors, a table has 
been made out, showing the number of laminae into which the 
Ammon’s horn is divided, and the corresponding names used. 


METHOD 


Ten rabbits were used; after anesthetization with barbital or ether, the thorax 
was rapidly opened, and the heart and great vessels were exposed. The internal 
mammary arteries and the abdominal aorta were clamped. The pericardial sac 
was next opened, and an incision was made through the wall of the left ventricle. 
A cannula was inserted through this incision and carried past the aortic valves 
into the ascending aorta and ligated. The injection mass was then allowed to 
run in at a constant pressure between 200 and 225 mm. of mercury. A 2 per cent 
aqueous solution of “berlin blue” was chosen as the injection mass, after trials 
with other substances had proved less successful. Ludwig’s old injection appa- 
ratus was used because with this one is able to control and record the injection 
pressure during each experiment. The amount injected into each rabbit varied 
between 150 and 200 cc. The berlin blue was injected while the animals were 
anesthetized, but still alive. Within five to ten seconds after the injection mass 
had started to flow, the animal was probably dead. The average time from the 
cutting of the skin until the cerebral vessels were filled with injection mass was 
from forty to sixty seconds. 

The brain was rapidly removed and placed in 10 per cent formaldehyde. 
Blocks were embedded in celloidin and cut at 20 microns. The sections were 
stained lightly with 1 per cent carmalum, which brought out the cellular archi- 
tecture and served as a suitable background for the blue of the injection mass. 


11. Rose, Maximilian: Der Allocortex bei Tier und Mensch, J. ‘f. Psychol. 
u. Neurol. 34:1, 1926. 
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In studying the sections, a square-ruled disk micrometer was used in a Zeiss 
ocular no. 2. The objective was a Zeiss “appochromat 4 mm.” With this com- 
bination, each of the small squares measured 25 microns on a side. It was found 
convenient to use an area of twenty-five small squares (one-quarter of the whole). 
Thus, each capillary count was made on a cube of tissue 125 by 125 by 20 microns. 
This contains 312,500 cubic microns, or 1/3200 of a cubic millimeter. The actual 
measurements are, therefore, multiplied by 3,200 to give microns per cubic milli- 
meter, and then divided by 1,000 to reduce the final figure to millimeters of 
capillary length per cubic millimeter of brain substance. 





a 











PYRAMIDALS 





Fig. 1—Low power photomicrograph ( 38) of general region of Ammon’s 
horn, showing the layers and their relationship to one another and to the ventricle, 
from a section 20 microns thick; the injected vessels stand out black, the cells 
stained with carmalum are grayish (rabbit E-26-24C, slide VIII). 


OBSERVATIONS 
In the hippocampus, 1,500 capillary counts were made; ten animals 
were used, and in each animal areas for counting were chosen at ran- 
dom in each of three localities (fig. 1): (@) the lamina pyramidalis, 
(6) the stratum radiatum and (c) the granular layer of the gyrus 
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dentatus. It will be seen from figure 1 that (a) and (c) are layers 
packed with cells, while (b) has few cells and many fibers which 
radiate out from the pyramidal cell layer, giving rise to its name. Five 
capillary counts were made in each of these three localities in each of 
ten slides from each of the ten animals. The results are tabulated on 
the chart (fig. 2) to show the distribution and divergencies of the data 
thus accumulated. To get a general figure for the “hippocampus,” all 
the 150 counts in each animal were averaged. 

By reference to the chart, it can be seen that the average of all 
the observations falls at about 450 mm. of capillary per cubic milli- 


Comparative Nomenclature of Laminae (or Strata) of Ammon’s Horn* 





Potter t Von Economo { Craigie § Rose # 


Molecularis Moleculaire Molecular Zonalis I 


Lacunaris 


tivsitiaanil — Radiatum 


Rindeplatte 
II-IV 
Pyramidalis ; Pyramidale 


Radiatum 56 Pyramidat 





Oriens Alvei Oriens Polymorphic 








* Craigie has the simplest classification, giving only three layers; his “pyramidal” layer 
is subdivided by von Economo into two, by Potter into three and by Rose into five layers. 
The relationships are indicated by the brackets. 


+ Potter: An Anatomical Guide to Experimenta] Researches on the Rabbit’s Brain, Ams- 
terdam, W. Versluys, 1911. 


t Von Economo: L’architecture cellulaire normale de |’école cerebrale, Paris, Masson & Cie, 
1927, p. 149 (fig. 53). 


§ Craigie: An Introduction to the Finer socteny of the Central Nervous System, Phila- 
delphia, P. Blakiston’s Son & Company, 1925, p. 


# Rose: J. f. Psychol. u. Neurol. 34:1, 1926. 


meter of brain substance; this may be taken as a general rough estimate 
for the vascularity of the region of Ammon’s horn, but, as Craigie ** 
points out, one cannot with accuracy use the sum of the observations 
on various laminae to represent the whole thickness of the cortex. 
This was true in the region of Ammon’s horn, where certain layers 
were too narrow and ill defined to be measured accurately. 

Again referring to the chart, one sees that the lamina pyramidalis 
is more vascular than the granule cell layer of the fascia dentata, and 
much more vascular than the stratum radiatum. The average capillary 
length per cubic millimeter in the lamina pyramidalis is approximately 
680 mm. The measurements for the granule cell layer of the dentate 


12. Craigie (footnote 7, second reference, p. 101). 
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gyrus, another richly cellular structure, average 400 mm. per cubic 
millimeter. Lastly, the stratum radiatum, a fibrous layer, averages only 
about 300 mm. of capillary per cubic millimeter. 


CRITICISM AND COMMENT 


Several fallacies may impair the accuracy of the measurements 
here recorded. In the first place, is the injection complete? Are all 
the capillaries filled? The fact that one animal (N-25-74) has 
distinctly higher values in all layers might suggest that more capillaries 
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Fig. 2—The measurements of capillary length in millimeters per cubic milli- 
meter of brain substance are plotted for each of the three laminae measured in 
the Ammon’s horn of ten rabbits. Lamina pyramidalis is indicated by crosses; 
stratum radiatum, by circles; the granule cell ldyer of the fascia dentata, by 
squares, and the average of all these three, called “hippocampus,” by black dots. 
These are the uncorrected measurements as made from the microscopic slides. 


were filled in this animal than in the others. All the animals were 
injected with an equal pressure, controlled by a manometer, so the pres- 
sure of injection could not account for the difference. Nevertheless, 
some unknown factor may have caused this animal to have more open 
capillaries than the others. 





— itd —— — 


Fig. 3.—Thick section, cut at 200 microns, to show completeness of injection. 
area temporalis inferior (x 170). 
plate (Potter, plate XVI). 
lamina pyramidalis; JV, lamina granularis interna; V 


Cortex from the 
The locations of the laminae are marked at the right of the 
I indicates lamina molecularis; /], lamina granularis externa; ///, 
, lamina ganglionaris. Location of the 
cytologic laminae is derived from a neighboring serial section, cut at 20 microns and stained for 
cells. The plastic effect is obtained by making a negative print, slightly out of focus (method 
described by Pfeifer. footnote 4) (rabbit N-25-85D, slide 51). 
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Pfeifer pointed out that injections are usually incomplete, and that 
one must check the completeness of the injection by careful observation 
of the capillaries in thick sections. This has been done in sections cut 
at 200 microns, and in such specimens the vessels can be seen to branch 
out into capillaries which form a network of many loops (fig. 3). The 
vascular bed can then be traced on into other vessels of larger caliber. In 
this way, one presumably goes from venule to arteriole, or vice versa, but 
it is difficult in the injected specimens to distinguish between the two. 
From this point of view, the injections appear to be fairly complete. 

Craigie ®° emphasized the importance of reckoning the amount of 
shrinkage. The rabbits’ brains were all fixed in 10 per cent formalde- 
hyde, embedded in celloidin and cut according to a routine technic. By 
measuring fresh brains of rabbits of equal weight, I estimated that 
the mounted specimens, as used for the measurements, had shrunk 
10 per cent. To calculate the exact length of capillaries in fresh brain 
tissue seems well nigh impossible, for one has no way of telling whether 
the capillaries themselves shrink more or less than the surrounding 
tissue. These figures, then, must be taken only as approximations. 
They have, however, an unquestionable relative significance, showing 
that the cell layers, especially the lamina pyramidalis, have a much 
more vascular bed than the more fibrous layers. Also by comparison 
with measurements on other areas by Cobb and Talbott,® it is seen that 
the motor cortex of the cerebral hemisphere in the rabbit is somewhat 
more vascular than the Ammon’s horn, the former having 515 mm. of 
capillary per cubic millimeter, and the latter 450 mm. The visual cortex 
seems to be even more vascular, with a capillary length of about 555 
mm. per cubic millimeter. 

Pfeifer,* in his calculations of the capillary content of brain sub- 
stance, found for the rhinencephalon (at a point near the tractus 
olfactorius at the base of the brain, as seen in his fig. 36) a capillary 
length of 805.5 mm. contained in one cubic millimeter of tissue. In the 
gyrus lateralis (Pfeifer’s fig. 43) of the cerebral cortex, he calculated 
1018.7 mm. per cubic millimeter. His figure for Ammon’s horn is 
not far different from my figure for the lamina pyramidalis, but it 
is distinctly higher; the figure for the gyrus lateralis is considerably 
higher. The discrepancy may be explained by differences in technic. 
Pfeifer did not say what pressure was used to inject his specimens, 
but he apparently used a hand syringe and high pressure. This may 
have opened more capillaries. Again, he made only two measurements 
and they were made from restricted, chosen areas. It may be that 
had he made many measurements and averaged them, his figures would 
have more closely approximated mine. Our data agree closely enough, 
however, to indicate that by this method a quantitative estimate can 





1} 
i 
i 


7 — 
i ah ea coe a Cn Rll. sles ni iets 





1208 ARCHIVES OF SURGERY 


be made of the capillary supply of the brain. Great as this capillary 
supply seems to be when figured out in length per cubic volume, it is 
small when compared to organs such as muscle. As Hill and Nabarro * 
said: “When compa:.< with the muscles the brain is not a seat of 
active combustion.” they considered that the brain has a low 
metabolism, but did not take into account the fact that the brain has 
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Fig. 4.—Photomicrograph ( 85) of a thick section (200 microns thick) of 
injected region of Ammon’s horn of the rhinencephalic cortex. The layers are 
designated at the right: A, alveus; O, oriens; P, pyramidalis; R, radiatum; M, 
molecularis. It is obvious that the stratum radiatum is less vascular than the 
lamina pyramidalis. By focusing up and down, almost any vessel could be fol- 
lowed out into its capillary branches, through many loops and into another larger 
vessel, indicating rather complete injection (rabbit N-25-85D). 


13. Hill and Nabarro: On the Exchange of the Blood-Phases in Brain and 
Muscle, J. Physiol. 18:218, 1895. 
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a rapid blood flow, even in the prone position, according to Wolff and 
Blumgart.** When the head is raised above the heart, it would seem 
that the circulation would have to be even more rapid, because of the 
creat decrease in venous pressure as compared to arterial pressure. 
Thus, it may be that the brain has a fairly active metabolism, though 
the comparatively scant capillary bed may not give such a wide margin 
of safety against anoxemia as is seen in the exceedingly vascular and 
variable muscle. 

In this connection, it is interesting to figure out the area of 
apillary surface per cubic millimeter of brain substance, for it is this 
surface which is exposed to the cells and permits diffusion. The 
xchange between capillary blood and cell fluids is the essence of 
he metabolic process. In the lamina pyramidalis, calculations from the 
lata given previously show that the capillary surface available for 
iffusion in a cubic millimeter of brain tissue is 10.3 sq. mm. For the 
tratum radiatum, it is much less, 4.5 sq. mm.; while for the granule cell 
yer of the fascia dentata, it is 6 sq. mm. per cubic millimeter. 

14. Wolff, H. G., and Blumgart, H. L.: The Effect of the Alteration in 


\rterial Blood Pressure on Velocity of Intracranial Blood Flow, Arch. Neurol. 
Psychiat., to be published. 
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A NOTE ON THE ACADEMIC LIFE 


EDWIN P. LEHMAN 


The academic life, like the bricklayer’s life, must be lived according 
to the lights of the individual. But there are in each of these, as in the 
life of a person of any grade or calling, certain elements that charac- 
terize it. And those that characterize the academic life have a charm 
and richness traditional in speech and literature. 

Take, for instance, a professor of the classics. He is usually a per- 
sonable man, with a mellow taste in books, music, pictures, fabrics and 
furniture, ready with a jest or a sober comment. He is a scholar of the 
first water, able to trace his roots and his terminations, a familiar of the 
heroes of his literature as well as of those creatures that burrow in the 
depths of libraries beneath the clear surface waters in which the rest 
of us splash. He is a teacher in the true sense, the man to whom youth 
comes for aid in interpreting experience in fundamental terms. His 
lecture hour is a delight. From the line of Virgil or the dialogue of 
Aristophanes, he makes live the man or the times in a modern frame that 
relates the one or the other closely to the experience of the modern 
group before him. To him comes the puzzled individual student for 
advice, worldly and spiritual alike, comes and returns, clarified, soothed, 
invigorated, inspired, as the occasion demands. In short, he is a product 
of his life, the rich academic life of tradition. 

His is a life long envied by the thoughtful, by those in love with self- 
development and contemplation. He has certain fixed duties: six, ten 
or twelve hours of teaching each week—teaching that he enjoys, in 
a field that is as familiar to him as the outlines of his own hearth. 
He has been over it again and again, has each lecture solidly built, 
cleverly and neatly articulated, polished to a degree of surface brilliancy ; 
has, traditionally, even his jests placed in the texture of the whole like 
an inlay of nacre in a cabinet of rosewood. It is true that this has 
required labor, but the labor is far in the past. Today he needs only a 
touch here and there to bring his presentations up to the level of current 
thought. The substance changes little from year to year. Research 
is directed largely to the details of philology and to the search for 
sources, material not often to be allowed to confuse undergraduate 
students. The main structure of his subject is more or less fixed. If 
he has graduate students, his labors may be somewhat increased. But 
the number of such students is apt to be small, and their needs can 
be met at an academic pace. 

To his teaching duties, which he must regard as his most insistent 
responsibility, there are added certain executive functions, thereto closely 
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allied. He may be a member of a number of committees, two or three, 
perhaps, devoted to the conduct of his university or to the definition of 
its educational policies. These he may or may not find interesting, but 
their sessions are apt to be infrequent, and the preparation therefor is 
often insignificant. Occasionally, no doubt, a true chore is present 
among their functions. He has also the development of his department 
to accomplish, the task of interesting promising youngsters in his sub- 
ject, the finding of teachers for his junior positions, the distribution of 
their time and the encouragement and inspiration of them toward 
scholarship and scholastic productivity. But these are, essentially, 
teaching problems, a part and parcel of the task of his life that he has 
chosen for its appeal to his imagination. 

3etween the hours of these tasks he has leisure. Some of his days 
may be entirely his own. On others, he may find the after breakfast 
hours free or the hours of the late afternoon. No man, perhaps, is better 
qualified to dispose of this delightful independence of the fixed duty. 
He can make his freedom productive, whether he spends it in com- 
munion with books or with himself. Productive scholarship is noto- 
riously temperamental. There are periods of intense activity and periods 
in which the mind lies fallow, gathering strength and subtlety for the 
fresh attack. Imagine the delight of a certain knowledge that if the 
seed does not sprout today, tomorrow is an equally fecund springtime. 
Imagine the joy of seizing for the harvest the golden moments of 
morning before the day’s work has blunted the edges and dulled the 
facets of the mind. 

The life of the professor of the classics may not be all such academic 
beer and skittles. There may be problems to solve within and without 
his academic sphere—problems dependent on personality or the harassing 
riddles of bread and butter. But his life is built on a foundation, the 
corner-stone of which is opportunity for contemplation and the birth 
of the fruits of contemplation. 





Behind the full time idea in the teaching and the clinical branches of 
medicine, there lurks not a little desire for such a life. It was, in part, 
to give the teachers of medicine in its various divisions the opportunity 
for contemplation that they were taken from the lives of busy practition- 
ers and placed within the walls of hospitals and laboratories. There 
they were to divide their time between the classroom, the ward, the 
laboratory and the library, much as they saw fit. 

Let us compare, then, the life of the professor of surgery, the 
surgeon dedicated to the academic life, with that of the professor of 
the classics. In the first place, his appearances in the classroom may 
be more or fewer than those of his colleague. It is not in the number 
that the difference lies. There is no such thing as adequate preparation 
for much of his teaching. In his bedside rounds, his dispensary, he 
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may be confronted, without warning, by a condition that he has encoun- 
tered but once or twice many years before; and in that emergency, he 
must produce a knowledge that will relate the condition to fundamental 
principles of biologic change and so impress the moment and the 
material on his students’ minds. It may be that these fundamental prin- 
ciples have been so developed in the interim that he himself must learn 
a new conception of the disease as he teaches. It is, in fact, in the rapid 
development of knowledge in the biologic sciences that the chief differ- 
ence between his teaching and that of the professor of the classics lies. 
He must be aware, in some small part, of an enormously enlarging field 
of knowledge, increasing continuously and rapidly. And his relatively 
small awareness is, in itself, an enormous task. Each fixed lecture must 
be reshaped, perhaps entirely rebuilt, each year; and each case he sees 
in his rounds of the wards must be interpreted on the basis of new 
facts. These come to him from his reading, largely of the medical 
periodicals, of which the name is legion and of which more shall be said. 

His executive functions add further to the balance against him and in 
favor of his colleague. He, too, will take his place among the committees 
of his university; but to them will be added committees more nearly 
related to his proper work. His department cannot function, his clinical 
material will fail, if his personal interest does not extend to the manage- 
ment of his hospital and of his dispensary, and to the conduct of the 
school for nurses. His thumb must be in every pie. And the affairs of 
these committees often mean laborious hours of preparation. To these 
tasks the professor of the classics has nothing to compare. 

The development of the personnel of his department is, again, a 
larger problem. In numbers, his juniors may outweigh those of his 
colleague by five to one. Some of these, the interns, may be regarded 
as in some sense graduate students. But they are more than that, for on 
their presence and efficiency the operation of the department depends, 
just as much as on the presence and efficiency of the chief. Without 
interns there can be no clinic. The gathering of a staff of, perhaps, 
twenty men of ability is not a mean task in itself. In addition, they 
must all be given opportunities to learn commensurate with the grade 
of their development, opportunities which will satisfy at least the most 
able of them, so that, leaving or remaining, their tongues will be loud in 
praise of the clinic. Only so can other able men be attracted. This 
must be done often in the face of inadequate clinical material, and with 
limited laboratory space and equipment. 

After the fulfilling of corresponding functions, it has been seen that 
the professor of the classics dips into his leisure, plunges into his 
research ; not so, the professor of surgery. Indeed, I have barely begun 
to enumerate his responsibilities. Because it has no counterpart for his 
colleague, I have not yet touched on his most important duty, the task 
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most congenial to him, most germane to his calling, namely, the care of 
the sick. He must see to it that the organization of his wards and of the 
routine of hospital and dispensary is perfected, and that, once perfected, 
it is always lived by, completely and without fail. Diagnostic procedures 
and treatments must be undertaken or delegated. In any case, they 
must be carried out on proper indications and by proper methods. If 
a patient suffers from the failure to carry them out or from improper 
procedures, it is ultimately the chief’s responsibility. All this means a 
degree of attention to detail and an incessant alertness that add to the 
burden of the hours. 

He has a laboratory branch of his service; the administration of an 
additional institution rests on him. The obtaining and allocation of his 
budget, the equipment and repair of his laboratories, the discovery and 
proper use of technical and professional personnel and the acquisition 
of supplies and experimental animals—these matters must engage a part 
of his attention. Many of them are, of course, to be delegated, but his 
vuiding hand must be at the helm. Another duty of the laboratory no 
one can take from him, namely, the guidance and inspiration of the 
investigations there undertaken. In order to get the best from his men, 
he must be completely familiar with all the details of their work. He 
must try to think one step ahead of them. The laggard must be spurred, 
and the stimulating research must be commended. In addition, in the 
back of his mind must lie unsolved problems, promising “leads,” ready 
for instant suggestion to the student who comes empty of original ideas 
but eager for active inquiry. 

Most of these demands on the professor of a clinical branch have 
only indirectly to do with his personal development. In spite of their 
multiplicity, he could so arrange his time that truly academic oppor- 
tunity for isolation and contemplation could be his. In truth, the full 
time professor has often undertaken his task with the delightful 
anticipation that these would be his only duties, and that leisure would 
be added into his day for productive purposes. Alas, he did not count 
on the operation of a fundamental law of medical life in his supposedly 
cloistered paths. And the operation of that law may and often does 
completely deny him leisure, and always denies him the rich sort of 
protracted and continuous leisure that his colleague in the classics enjoys. 

It is a truism to state that physician and patient stand in an intensely 
personal relationship ; and yet that is the everyday law the operation ot 
which has been underestimated so often. If a clinic is to thrive, to 
accomplish all that it can in the relief of suffering and to command 
adequate material for teaching and for study, it must stand well in its 
community. All ranks of society and all financial ratings must look 
on it with favor. Those on whom its charities are showered regard it 
with gratitude and with affection. Those by whose generosity such 
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charities are supported give it their profound respect. A clinic cannot 
win such a place in the community unless the members of its staff, not 
least the chief, have won their spurs before the lay world as physicians. 
They are good physicians. They meet the public, rich and poor alike, as 
friends. The exact quality and intensity of the lay reaction to the 
physician can hardly be appreciated even by the physician who is most 
successful in eliciting it. Furthermore, it cannot be elicited without 
time and effort expended in a long series of individual contacts, no 
matter how winning and how prepossessing the physician. It cannot be 
born of scientific eminence alone. It is the stuff from which successful 
practice is woven. In other words, the academic surgeon must be a 
busy practitioner. He must accept the time-consuming and altogether 
kindly tasks that mean success in private practice. He must expend 
as much effort and time in calming the parents of the spoiled child, in 
softening the announcement of a hopeless prognosis to a despairing wife, 
in readjusting the outlook of the emotionally disturbed and in cheering 
the still suffering convalescent, as though tomorrow’s food and clothing 
depended thereon. He does it, of course, for his clinic, not directly for 
himself. But the effect is the same. In one sense, this necessity is not 
without merit, for the judgment that he knows not the woes of private 
practice and hence does not appreciate the point of view of his con- 
sultants can never justly be brought against him. Furthermore, his life 
is the warmer for all this; this is the laboratory of human emotion. 
There remains the fact, however, that this is the one unavoidable morass 
that swallows up his leisure. Never can he bury himself in his books 
or immerse himself in his reagents with the knowledge that before him 
lie four hours of steady and productive toil. Before these necessities 
flees from his life all academic quality. 

He has some leisure, no doubt. This he must first apply, at all costs, 
to his current reading. He must be ready for the daily task, the unex- 
pected nature of which must not surprise him. One cannot say how 
many journals he must keep in touch with. Suffice it that many pages 
a day can easily be a minimum. One distinguished physician, whose life 
is as full as a life can well be, starts each day by an early morning stint 
of at least fifty pages. Few active men can accomplish so much. But 
every active man, academic or nonacademic, whose work makes use of 
the constantly developing product of other minds, whose own mind 
loses not its plastic quality and whose conscience is not made to suffer 
by knowing that he is doing less than the best for his patient, must spend 
some part of each day so employed. 

And now our professor of surgery is free for research, for the rich- 
ness of his academic life, for the labor that to him is most fruitful. 
Need the contrast between him and his colleague of the classical depart- 
ment be drawn more finely or emphasized more strongly? The wonder 
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is only that there are professors of surgery whose productivity is not 
diminished. Usually that productivity is the result of a union of the 
chief’s ideas with the ideas and the long hours of labor contributed by 
his juniors. One wonders, often, what full time in itself has brought the 
professor of a clinical subject except an independence of financial 


reward that breeds honesty of judgment. Assuredly it has not inducted 
him into the academic life. 








TRAUMATIC ARTHRITIS 


HISTOLOGIC CHANGES IN HYALINE CARTILAGE 
M. N. SMITH-PETERSEN 


The term traumatic arthritis is commonly applied to joints which 
have been involved in an acute direct trauma, trauma secondary to frac- 
ture or trauma secondary to dislocations, particularly recurring disloca- 
tions. The term conveys a purely clinical picture since none of these 
conditions justifies removal of hyaline cartilage for histologic study. 
This statement is true with one exception only, that of recurring sacro- 
iliac strain. In arthrodesis of the sacro-iliac joint for relief of recurring 
strain, an ideal opportunity offers itself for histologic study ‘of hyaline 
cartilage repeatedly exposed to trauma. The type of trauma involved 
is abnormal pressure resulting from disalinement of irregular, normally 
congruous surfaces. By such disalinement, prominences become apposed 
and consequently exposed to abnormal pressure (figs. 1 and 2). 

In order to determine the appearance of surfaces of the normal sacro- 
iliac joints, sections were obtained from autopsies on persons without 
a history of sacro-iliac disorder. Photomicrographs of these sections 
are shown in figures 3, 4, 5 and 6. 

A section of the iliac surface of the joint of a person, aged 17, is 
shown in figure 3; the surface of the joint is smooth, the cartilage cells 
are evenly spaced and the matrix stained uniformly. Figure 4 is a high 
power photomicrograph of a section from a person, aged 20, with essen- 
tially the same characteristics as the section from the patient, aged 17: 
smooth surface, even distribution of cartilage cells and uniformly stain- 
ing matrix. 

Figure 5 is a high power photomicrograph of a section from a person 
at the age of 40. There is not a great deal of difference between this 
section and the one from the patient aged 20. The cells are a little more 
closely spaced, and the matrix stained less uniformly. 

Figure 6 represents the surface of the iliac joint of a person, aged 70. 
There is not any question as to the degenerative changes: irregular joint 
surface, cartilage cells unevenly distributed and matrix showing marked 
replacement fibrosis. 


Comparison of these normal sections with sections from persons 
with a history of recurring strain or disalinement shows that traumatic 
arthritis is represented by the following histologic changes in hyaline 
cartilage: surface fibrosis, myxomatous degeneration of the matrix, 
replacement fibrosis and calcification. 














Fig. 1—Normal alinement of sacro-iliac joint. A indicates ileum; B, sacrum; 
, joint cartilage; D, posterior iliac ligaments. 














Fig. 2.—Disalinement of right sacro-iliac joint. A indicates cartilaginous 
prominence against cartilaginous prominence. 
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Fig. 3——Photomicrograph of section from the iliac surface of the joint of a 
normal person, aged 17. 
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Fig. 4—High power photomicrograph of section from the iliac surface of the 
joint of a normal person, aged 20. 
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Fig. 5—High power photomicrograph of section from the iliac surface of the 
joint of a normal person, aged 40. 
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Fig. 6.—Photomicrograph of section from the iliac surface of the joint of a 
normal person, aged 70. 
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Fig. 7.—Photomicrograph of a section from the iliac surface of the joint of a 
person, aged 20, with traumatic arthritis. 
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Fig. 8—Photomicrograph of a section from the iliac surface of the joint of a patient, aged 35, with 
traumatic arthritis. 
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Fig. 9—Photomicrograph of a section from the iliac surface of the joint of a 
patient, aged 40, with traumatic arthritis. 








Fig. 10.—Photomicrograph of a section from the iliac surface of the joint of a 
atient, aged 60, with traumatic arthritis. 

















Fig. 11.—Photomicrograph of a section from the iliac surface of the joint of a 
patient, aged 35, with traumatic arthritis and pathologic calcification. 
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A section from the surface of the iliac joint of a person, aged 20, 
is shown in figure 7. Marked surface fibrosis and myxomatous degen- 
eration of the matrix are noted, as well as replacement fibrosis. The 
tendency of the cartilage cells to nesting is indicative of degeneration of 
the matrix. Compared with the normal (fig. 4), the degenerative 
changes are striking. 

Figure 8 represents a section from a 35 years old patient. The out- 
standing changes in this case are the irregular joint surface and the 
replacement fibrosis. Comparison with the normal sections reveals that 
the changes are even more marked than in the 70 year old patient 
(fig. 6). The same holds true in the section from the 40 year old 
patient (fig. 9); nesting of cartilage cells due to degeneration of the 
matrix is beautifully demonstrated. The section from a 60 year old 
patient (fig. 10) shows complete replacement fibrosis of the matrix and 
few cartilage cells remaining. To illustrate the final change, that of 
calcification, a section is shown (fig. 11) from a 35 year old patient: 
There is marked irregularity of the osteochondral junction and pathologic 
calcification. 

CONCLUSIONS 

1. From a comparison of sections of the sacro-iliac joint in normal 
persons with those from patients with a history of recurring strain of 
this joint, one may conclude that hyaliné cartilage in traumatic arthritis 


undergoes the following changes: surface fibrosis, myxomatous degen- 
eration and replacement fibrosis of the matrix. In long-standing cases, 
calcification also occurs. 


2. Changes due to age in hyaline cartilage are similar to those of 
traumatic arthritis. This is consistent, since age represents trauma 
extending over a period of years. 





THE VELOCITY OF THE GROWTH OF FIBROBLASTS 
IN THE HEALING WOUND * 


SAMUEL C. HARVEY 


Certain characteristics of the healing of the simple incised, uncom- 
plicated wound are, of course, familiar to the surgeon, and have been 
since his kind first intelligently observed such a wound from day to 
iy. Its edges “agglutinate,” or become adherent to each other 
‘ough the clotting of the blood. The strength of this adhesion is not 
ficiently great for the first two or three days but that a minimum 
ain will separate the edges. If such is likely to occur, it is necessary 
reinforce the “agglutination” with sutures. In from five to eight 
s it has become solidified, when, unless the strain on the wound is 
isually great, the reinforcing action of the sutures is no longer 
essary and they are removed. In from eight to twelve days, the 
ength of the wound is such that it meets the ordinary exigencies of 
ly life, and toward the end of this period it has become a scar. Such 
he impression that the surgeon has received from his experience, and 
; sufficiently correct for the meeting of the practical demands in the 
e of a wound. 
When microscopic methods of study became available, this phe- 
enon was studied and visualized in terms of the behavior of cells. 
became known that certain groups capable of phagocytosis serve to 
ir up the debris of dead matter, while others multiply in the fibrin 
work of the clot, forming connective tissue, and still others have to 
' with the growth of new blood vessels, thus completing the process 
organization. This phenomenon as a whole can be divided roughly 
into two phases: that in which the exudative reaction is most marked, 
d that in which the proliferative reaction is predominant. Further- 
more, when the amount of necrotic tissue is the least, then the exudative 
reaction is minimal, leaving the fibroplastic process to bridge the gap 
hetween the healing surfaces, the vascularization of the new tissue going 
hand in hand with its formation. The continuity of the injured part is 
reestablished, and the laying down by the fibrocytes of collagenous 
material in fibrils results in the cicatrix of adult connective tissue. This 
additional knowledge enables one to understand better the processes 
which are involved in the healing of a wound, and to speak of these in 
terms of cytology rather than in those of gross morphology. 
It is apparent that the master reaction in this process, to which the 
clearing up of the debris and the bringing in of nutrient material by 








*From the Department of Surgery, School of Medicirle, Yale University. 
* The expense of this investigation has been defrayed by Davis & Geck, Inc. 
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the new blood vessels are subsidiary, is that of the multiplication of the 
fibroblast. Cells of other types may be involved but they are transitory 
and relatively ephemeral, while the fibroblasts originate, divide and 
achieve maturity in direct continuity with the wound. One can justi- 
fiably conceive of them as an aggregate similar to an organ, an individual 
or a population, which follow definite laws as to their behavior deter- 
mined by forces inherent within themselves or environmental. Certain 
of the phenomena in respect to growth have been thoroughly studied 
and might well be applicable to the multiplication of the fibroblast in 
the healing wound. 
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Chart 1.—Growth curve of the rat; after Brody and Pearl. 














Any metazoan is an aggregate of cells, starting from one and increas- 
ing in number until the maximum of mass which is peculiar to that 
animal is attained. If the successive increments of mass and time are 
plotted in a graph, of which the abscissa represents time and the coordi- 
nate mass, a curve is obtained which visualizes the velocity of growth’ 
(chart 1). It is at once apparent that growth starts slowly, increases 
progressively and regularly in velocity to a certain point and then in a 
similar manner decreases approaching an asymptote which is the maxi- 


1. Brody, Samuel: Growth Rates; Their Evolution and _ Significance, 
Research Bulletin, no. 97, 1927, University of Missouri; Growth, chapter 2, New 
Haven, Conn., Yale University Press, 1928. 
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mum weight attained by the rat. If similar determinations are made 
on so common a gourd as the fruit of the pumpkin vine (chart 2), a 
graph which is almost identical is obtained. It would seem then that 
cell aggregates such as make up plant and animal life have a common 
trend as regards velocity of growth. 


When individuals are grouped together within a limited space they 
make up an organism which, as Malthus pointed out long ago, obeys 
ertain laws of growth. In recent years such populations have been 
tudied experimentally and data of precision obtained. The fruit fly is 

rticularly susceptible to such investigations and a graph is readily 
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Chart 2——Growth curve of the pumpkin; after Brody and Pearl. 


constructed in which the velocity of growth of the population is visual- 
ized (chart 3). Again the curve is a sigma as it is likewise if a yeast, 
bacterial or protozoan population be studied in the same manner 
(chart 4). This would seem to indicate that the velocity of growth 
changes in a similar fashion whether the units of the group being studied 
are closely bound together as an individual, as an animal, as a plant, 
or loosely as in a population. This is not irrational, for a unit of life 
such as a metazoan is by definition a population of cells. 

From what has been seen thus far such behavior might be thought 
peculiar to living matter, one of the characteristics of which is repro- 
duction. It is not, however, for it is well known in certain chemical 
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Chart 3.—Growth curve of fruit fly population; after Brody and Pearl. 
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Chart 4.—Growth curve of yeast population; after Brody and 
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reactions in which the process is in itself catalytic? (chart 5). An 
instance of this is the hydrolysis of methyl acetate. This dissociation 
liberates acetic acid which accelerates the hydrolysis; the reaction is 
autocatalytic. When the products accumulate sufficiently, they inter- 
fere with the reaction so that the velocity of the hydrolysis is progres- 
sively diminished. Consequently the curve shows an autokinetic, or 
accelerating velocity phase, an inflection point and an autostatic or 
decreasing velocity phase. The hypothesis and the verification of it is 
an easy thing in the case of the dissociation phenomenon of methyl 
acetate, but a different matter in the similar behavior of the living 
organism. 























Chart 5.—Curve of transformation in an autocatalyzed monomolecular reaction ; 
after Robertson. 


The unicellular organisms present the simplest problems for a 
similar analysis. Assuming a constant rate of division for a given unit 
of time, y, then the multiplication of the unit x will go as follows, 
1x/ly : 2x/2y: 4x/3y: 8x/4y, etc. In other words, the time increases in 
an arithmetic series, the number of units and consequently the mass in a 
geometric series. When this is plotted out, a parabolic curve like that 
of the early portion of the autokinetic phase of the dissociation curve of 
methyl acetate is seen. Experimentally, however, such a progression is 
not followed, for the time elapsing between successive division of 
the organism varies so that the series may read, 1x/ly: 2x/2y: 4x/2.5y: 
8x/3y, etc., which obviously produces a marked increase in the velocity 


2. Robertson, T. Brailford: The Chemical Basis of Growth and Senescence, 
Philadelphia, J. B. Lippincott Company, 1923, p. 77. 
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of growth; or the reverse may be true, as 1x: ly: 2x/2y: 4x/3.5y : 8x/5y, 
etc., with a resulting decrease. The former is analogous to the auto- 
kinetic phase of the mononuclear autocatalytic reaction, and the latter 
to the autostatic phase. Lest one reason falsely from analogy to cause, 
in the living organism, it is better to speak of these as the phases of 
accelerated and retarded velocity, respectively. Thus when infusoria 
or bacteria taken from a culture that has attained its maximum popula- 
tion are transplanted into a fresh suitable environment they do not 
immediately take up an accelerated veloity of growth but show a lag.* 
This suggests that with successive division the organism produces within 
itself a growth accelerating factor, which quickens the rhythm of 
division to a maximum velocity. Once this is established, it may be 
maintained by successive transfers to fresh mediums, so avoiding the 
concentration of products produced by the organism, the decreased 
supply of nutrient material, and the increased density of population, all 
or any of which may act as growth retarding factors. In the metazoa 
the nutritive factor is readily maintained constant, so that the curve of 
growth of the normal rat, for instance, shows a decreasing velocity as 
a result of the other growth retarding factors. 

In the illustrations of this curve that have been so far shown, the 
point of inflection has been fairly symmetrically placed; it has lain not 
far from a point midway between the two asymptotes of the curve. It 
is apparent from what has been said, however, that this is not necessarily 
true, for the growth retarding force may well become dominant early in 
the time period. As a matter of fact, in mammals it occurs at approxi- 
mately one fourth of the maximal weight, and it is possible under 
certain conditions for the velocity to decrease progressively from the 
start. The appearance of the curve then suggests an abrupt initiation 
of growth. 

This is seen in the regeneration of the tail of the tadpole when the 
increasing length of the new tail is plotted against time, as was done by 
Thompson, thus giving a velocity curve of growth* (chart 6). The 
point of inflection, if there is one, lies below the observed data, and the 
curve may be extrapolated in two ways. Durbin,® whose material 
Thompson used, in similar experiments on larger tadpoles provided 
further data (chart 7) which bring the point of inflection into view, but 
still early in the curve. It is then, under certain conditions, possible to 
obtain a curve of growth which shows only the growth-retarded phase. 


3. Robertson, T. Brailford: Principles of Biochemistry, ed. 2, Philadelphia, 
Lea & Febiger, 1924, p. 556. 


4. Thompson, D’Arcy Wentworth: Growth and Form, London, Cambridge 
University Press, pn. 140 and 143. 


5. Durbin, Marion J.: An Analysis of the Rate of Regeneration Throughout 
the Regenerative Process, J. Exper. Zool. 7:397, 1909. 
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Chart 6—Curve of regenerative growth of small tadpole’s tails; after 
lhompson. 
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Chart 7.—Curve of regenerative growth of tail in larger tadpoles; after 
Thompson. 
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It would seem probable from the comments thus far that the healing 
of a wound may be correlated with what is already known concerning 
growth. Moreover, it is apparent that in the changes taking place in a 
wound during the first ten to twelve days the dominant factor is the 
fibroblast. Mensuration of the increase in numbers and mass of these 
should provide a curve of velocity of growth which might rationally 
be compared with that of growth in general. Unfortunately, this is 
difficult to do, for the direct determination of this mass is obviously 
impossible and the counting of the units, well nigh so, although this 
has been attempted by Spain and Loeb* in a surface wound. Carrel’ 
and those working with him * have used the surface area of a wound 
as a measurement of the velocity of healing, but this is difficult to resolve 
into its components; namely, the proliferation of fibroblasts and of 
epithelium, together with the contraction of the area as a result of the 
maturation of the process. Moreover, the variable of infection is uncon- 
trollable except in the hands of such a master of technic as Carrel. He 
has also ascertained many important facts concerning the growth of 
tissue by culture in vitro, but the artificial maintenance of suitable 
nutrition, if nothing else, makes it impossible to determine the velocity 
of fibroblastic growth under the conditions of a simple wound. Never- 
theless, he has succeeded in establishing certain important facts which 
will be discussed later in this paper. 

It is desirable, then, to use some function of this cell which can be 
measured in situ. Tensile strength is a characteristic of connective 
tissue and it may be safely assumed that within the period of observa- 
tion of twelve days, this may be used as a measure of its growth and 
maturation. 

In work previously published, my collaborators and I gave the results 
of such experiments performed on the dog.® In brief, simple incised 
wounds were made in the stomach, fascia, muscle and skin of this 
animal; the accretion of the tensile strength was determined by killing 
animals at appropriate time intervals, and mensuration of it was carried 
out on a thread testing machine. The results, while somewhat crude 
and too few in number, were highly suggestive. The observations on 
these various tissues were reduced to a common denominator and the 
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7. Carrel, Alexis, and Hartmann, Alice: Cicatrization of Wounds: I. The 
Relation Between the Size of the Wound and the Rate of Cicatrization, J. Exper. 
Med. 24:430, 1916. 

8. du Noiiy, P. LeComte: General Equation for Law of Cicatrization of 
Surface Wounds, J. Exper. Med. 29:329, 1919. 

9. Howes, Edward L.; Sooy, Joseph W., and Harvey, Samuel C.: The 
Healing of Wounds as Determined by Their Tensile Strength, J. A. M. A. 92:42 
(Jan. 5) 1929. 
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velocity curve plotted (chart 8). It appeared that there was a definite 
lag period of between three and four days followed by an abrupt rise 
of the curve following which the velocity decreased progressively until 
the asymptote was reached. A similar curve constructed from the data 
obtained in a wound of the stomach, however, suggested that there might 
be an autokinetic phase. The observations were too few, however, to 
draw any generalization as regards this, and further experimentation 
on this animal, too costly. For this reason and because the rat is an 
animal whose growth and dietary requirements have been much studied, 
further investigation was transferred to this animal. 
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Chart 8—Curve of tensile strength in healing wounds of dog. 


EXPERIMENTAL WORK 


The healthy adult white rat of known pedigree was chosen 
and was placed on a standard maintenance diet for a_ sufficient 
time to ensure that he was not suffering from any insufficiency. The 
operative procedure was performed under ether and the rat allowed to 
feed as soon as he desired, which was uniformly within twenty-four 
hours. It is then scarcely possible that the nutrition of these animals 
affected in any way the experimental results. 

The stomach was chosen as the site of the wound for several reasons. 
Wounds of the parietal tissues such as muscles, skin and fascia, as were 











1236 ARCHIVES OF SURGERY 


used in the dog, are difficult to maintain uniformly uninfected. 
These tissues are of small dimensions in the rat so that the breaking 
strength of the wound could not be obtained with sufficient accuracy by 
the apparatus available. On the other hand, the stomach of the rat, as in 
all healthy animals including man, heals per priman and without evidence 
of infection such, at least, as to interfere with the healing of the wound. 
Moreover, should gross infection occur it would be apparent in the 
peritoneal cavity on autopsy and the experiment could then be discarded. 

The method adopted for the testing of the breaking strength of the 
wound was that of distention of the stomach with air, the pressure being 
measured by a mercury manometer recording on a revolving drum. It 
was thus easy to obtain a permanent record calibrated against the 
manometer. The breaking point was always sharply defined by an 
abrupt drop. In carrying out this test the stomach was removed from 
the animal, after killing it with ether, the esophagus tied, a cannula 
inserted into the pyloric end and connected with the source of pressure. 
The air was admitted at a uniform rate, as shown by the slope of ascent 
of the curve on the record of the experiment, and this was constant in 
all cases. The stomach was moistened with physiologic solution of 


sodium chloride during the test which was always carried out at once 
after killing the animal. 


In order to ascertain the range of breaking strength of the normal 


stomach, about sixty rats were used. It was found to have a mean of 
160 mm. of mercury with a standard deviation of about 30. No con- 
sistent variation was found referable to age, weight, sex or condition 
of the rats though they were selected at random, in contradistinction to 
the choice of those used in the experiments in the healing of the wound. 
In the latter, the standard deviation of the data from the mean of the 
results was of the value of 10 per cent, with the exception of observa- 
tions on the fifth day which were somewhat higher. Eight animals were 
used for each unit of time, which was twenty-four hours, the experiment 
being carried over ten days. The animal was anesthetized with ether, an 
incision made through the abdominal wall under aseptic technic, the 
stomach brought into the abdominal wound and an incision of uniform 
length (1 cm.) made in its anterior wall, extending through all layers, 
at the juncture of the distal one third of the stomach with the proximal 
two thirds. This was immediately closed with two layers of no. 000 
plain catgut, care being taken to obtain good approximation, with peri- 
toneal surfaces in apposition. The abdominal wound was closed with 
two layers of black silk. Sections were taken in each instance and 
studied for a control as to the presence of a normal process. The out- 
standing reaction was, of course, the formation of fibrous tissue. When 
plotted in a graph (chart 9) of which the abscissa represents days and 
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Chart 9.—Curve of velocity of growth of fibroblasts in healing wound of the 
stomach of the rat. 
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the coordinate pressure necessary to break the wound, a curve is 
obtained closely resembling the composite curve previously worked out 
on the dog.*° 

The suture material confuses the observations for the first two or 
three days, and consequently these data have been discarded. However, 
from previous experiments by Howes*? it was_ found _ that 
the catgut loses all of its tensile strength well before the fourth day and 
consequently the curve is plotted from that point. 

Extrapolation without further data is unsafe, and therefore it cannot 
for the moment be definitely determined as to whether the first four 
days represent a true autokinetic phase or an actual “lag” in the onset 
of growth. It is probably the latter in greater part. The velocity of 
division of the first fibroblast is low and is dependent on certain stimu- 
latory factors in its environment, among which, as has been shown by 
Carrel and Baker,’* is proteose. This is a product of the digestion that 
the phagocytic cells initiate in the reaction to injury. It makes an 
interesting hypothesis to suppose that the sequence of events is the 
presence of dead material in the wound and broken down protoplasm 
leading to the invasion of phagocytes which act on it forming proteose 
which in turn stimulate the fibroblast to divide. This would be effectual 
on many fibroblasts at the same moment, so that the start would be 
analogous to the massive inoculation of bacteria into a culture. If this 
should be the case, a lag period while this mechanism was developing 
might reasonably be expected. In addition, the tensile strength would 
not be apparent until the fibroblasts had “interlocked” across the wound 
space. 

Certainly if there is an autokinetic phase it is brief, and this is readily 
demonstrated by determining the velocity constant of the composite dog 
and rat curves which is approximately 1.5 and plotting the curve as an 
autokinetic one, of which the equation is of the form W — Ae 
(chart 10). Any attempt to shape the resulting curve to the one based 
on the data is ineffectual ; in fact, it is the mirror image of it suggesting 
that the velocity of growth is definitely decreasing throughout the 
experiment. This agrees with the observations of Carrel and du Noiiy ** 
in the healing of a surface wound where there is a latent period of from 
five to seven days, ended by an abrupt initiation of the healing with the 


10. The data obtained in these experiments and further details will be given in 
a future publication. 

11. Howes, Edward L.: Factors Determining the Loss of Strength of Catgut 
when Embedded in Tissues, J. A. M. A. 90:530 (Feb. 18) 1928. 

12. Carrel, Alexis, and Baker, L. E.: Chemical Nature of Substances Required 
for Cell Multiplication, J. Exper. Med. 44:503, 1926. 


13. Carrel, Alexis, and du Noiiy, P. LeComte: Cicatrization of Wounds: XI. 
Latent Period, J. Exper. Med. 34:339, 1921. 
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maximum velocity. This also agrees with the curve as produced by 
Thompson * of the regeneration of the tail of the tadpole. 

It is apparent from an inspection of the curve that the velocity of 
erowth is constantly and progressively diminishing until a maximum 
strength is attained. In other words, the healing of such a wound 
involves the autostatic or growth retarding phase of the growth curve 
alone. The multiplication of the fibroblasts is held “in leash” so to 
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Chart 10—Composite curve of velocity of growth of fibroblasts in healing 
wounds of dog and rat; computed as a “growth-accelerating” phase does not cor- 
respond with curve plotted from data. The latter is obviously a “growth-retarding” 
curve, 


speak and carefully brought to the exact. strength necessary for the 
forming of the cicatrix. 

This strength, with the period of observation in these experiments, 
is a relatively constant thing. In the dog, in all tissues examined— 
skin, muscles, fascia and stomach—it approximated a tensile strength of 
roughly from 2,000 to 2,500 Gm. to the centimeter of the linear wound.° 
In the stomach of the rat as in the dog, this reaches the normal strength 
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of that organ, which is that of the submucosa. This is shown by the 
fact that with the stretching of the stomach the peritoneum, mucosa and 
muscle rupture before the actual bursting of the submucosa. The 
strength of a wound at the end of this period of observation is that of 
a fibroplastic process, in other words of connective tissue, which is 
approximately uniform for all tissues studied. 


SUMMARY 


The tensile strength of a healing wound is a function of the multi- 
plication and maturation of the fibroblasts. 

There is a latent period of approximately four days before growth 
becomes appreciable in the terms of this function. 

The velocity of growth, as so determined, starts abruptly at a 
maximum and progressively diminishes in rate. 

The curve of the velocity of growth is closely analogous to the auto- 
static or “growth-retarded” phase of growth in general, and approaches 
an asymptote which represents the strength of connective tissue of the 
age of from 10 to 14 days. 








OVARIAN FOLLICULAR HORMONE 


A PRELIMINARY COMMUNICATION * 


JAMES C. JANNEY 


The work of a great number of American and European investi- 
cators during the past few years has focused the attention of the medical 
profession on the problem of ovarian function. Many theories have 
arisen, but so far there has been little unanimity in the acceptance of 
any one of them. The one piece of work with which this communi- 
cation is concerned is that of Frank* and his co-workers in isolating 
‘rom the blood of women an active estrus-producing substance. Frank 
as used the vaginal smear reaction of Stockard and Paponicolaou ? as 
the criterion of the activity of his extracts. 

Frank’s work includes also theories of ovarian physiology, but this 
paper is concerned only with the reliability of the test as an index of 
varian activity. Theoretical considerations will not be taken into 
iccount at this time. The test in itself offers an extremely promising 
weapon for the investigation of ovarian function, not only from the 
theoretical point of view, but for the clinical investigation of many 
menstrual difficulties and irregularities. It is therefore of the greatest 
mportance, both theoretical and practical, to demonstrate its depend- 
ability. 

It was with this end in view that the studies here reported were 
undertaken. They are reported now, in preliminary form, because of 
the difference in results from those reported by Frank. Both series 
are far too small to give accurate evidence of the errors necessarily 
involved, and it is hoped that these discrepancies will stimulate others 
to undertake similar work and to report their results. Only by such 
accumulation of evidence will the true value of the test be established. 

Since the inception of these studies, articles have appeared report- 
ing the occurrence of similar reactions from extracts of sugar beets, 
potatoes, cherries and yeast,® and from the urine of males.* These 


* From the Evans Memorial, Boston. 

1. Frank, R. T., and Goldberger, M. A.: Clinical Data Obtained with the 
Female Sex Hormone Blood Test, J. A. M. A. 90:106 (Jan. 14) 1928. 

2. Stockard, C. R., and Paponicolaou, G. N.: The Existence of a Typical 
Oestrus Cycle in the Guinea-Pig, with a Study of Its Histological and Physiological 
Changes, Am. J. Anat. 22:225 (Sept.) 1917. 

3. Dohrn, M.; Faure, W., and Poll, H.: Tocokinins-Vegetable Substances 
with Action Resembling Sex Hormones, Med. Klin. 22:1417 (Sept.) 1926. 


4. Frank, R. T.: Significance of Female Sex Hormone Reaction in Male 
Blood, Proc. Soc. Exper. Biol. & Med. 25:476, 1928. 
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various observations must be checked up and their true importance 
established. On such evaluation, the blood test may still be found of 
great use in spite of the similarity of these other reactions. Studies 
are now under way with a view to determining the identity or difference 
of the various substances which have been reported to produce the 
vaginal smear reaction. 

The technic at first in use in these tests was as nearly as possible that 
described by Frank and Goldberger. During the course of the experi- 
ments it has seemed advisable to make certain technical changes, which 
will be discussed in detail. 

The first change of note is in the number of control smears and the 
selection of the mice for injection. It became apparent rather early in 
the work that castrated mice, though their smears were all theoretically 
zero (Frank reading), actually showed nucleated and cornified epithelial 
cells in varying numbers. This must necessarily be so, for all epithelial 
tissues, even when cyclic changes do not occur, undergo surface 
desquamation to a greater or less degree. It has, therefore, been made 
a rule in this work to take control smears from the mice on the two 
days preceding injection and on the morning of injection. These 
smears taken on successive days, covering half the average estrus cycle 
of a mouse,’ should determine without question whether a mouse which 
shows an uncertain smear on the first day is starting a spontaneous 
cycle or not. If an uncertain smear occurs as the second or third of 
the series, the mouse is not used. By this method, it is safe to use 
some mice that would otherwise have to be discarded as uncertain on the 
basis of a single smear. 

In a few cases, mice have shown a continuous number four smear. 
According to Evans,® this is due to deficiency of vitamin A in the diet. 
My co-workers and I have arranged the diet in our animal colony to 
counteract such deficiencies, and have been successful in that only a 
very small proportion of our mice show this condition. It would seem 
that these few mice represent a threshold variation in their vitamin A 
requirement, for they do not occur more frequently than one or two in 
each hundred. We have watched them on different diets and taken 
smears over considerable periods without having been able to change the 
cytologic contents of the vagina; we now kill such mice when they 
appear. 

During the course of the work there have been times when it has been 
necessary to keep blood specimens over for long periods before injection. 
Where these instances occurred with the original technic the blood was 


5. Allen, Edgar: The Oestrus Cycle in the Mouse, Am. J. Anat. 30:297, 1922. 


6. Evans, H. M.: Effects of Inadequate Vitamin A., J. Biol. Chem. 77:651 
(May) 1928. 
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kept under alcohol and in well stoppered bottles. Since the adoption of 
the sodium sulphate technic’ for desiccation, such specimens are 
extracted with ether and the ether extracts stored in stoppered bottles. 
They have been kept away from light and are usually stored in the 
icebox. The experience with these older blood specimens has made it 
apparent that the residue of the ether extract emulsifies with more 
difficulty than that derived from fresh blood. Bicarbonate and carbonate 
of sodium have been used to help emulsification, and the latter has 
been found more effective. In some cases, even when the blood has 
not stood, the lipoid has a buttery consistency, so that the addition of 
carbonate was necessary in order to bring about emulsification. 


In the preliminary tabulations for this report, it was felt that the 
protracted storage of blood extracts before injection constituted a defi- 
nite factor which could possibly produce a difference in the observed 
results owing to changes of a destructive nature that occurred in the 
hormone on standing. The separate tabulation of these two groups of 
cases has shown such close correspondence in the results that they have 
been consolidated for the tables here presented. 


The desiccation process by the use of sodium sulphate has been 
changed by using larger amounts of the salt than those recommended 
in the modified technic.’ Fifty grams of the salt to 40 cc. of blood 
are now used. During the summer, when the weather was humid, it was 
nearly always necessary to use more than that called for by the modified 
technic and on various occasions, after pulverization and extraction 
of the blood-sulphate mixture, the evaporated residue contained water 
carried over in the ether. This water probably contained sulphate in 
solution; when present, it was removed with solid sulphate and the 
material reextracted with ether. From a chemical standpoint, it is 
preferable to use an excess of sulphate rather than the reverse. Most 
chemical reactions take place in the presence of water or some other 
solvent, and if the solvent is removed the reaction is less rapid and less 
extensive, even in the presence of an excess of the reagents. Further- 
more, excess of the solid phase is without influence from the standpoint 
of mass action. 


Another technical difference may, in some measure, be responsible for 
the discrepancies between these results and those of Frank. In this 
work, it has been customary to centrifugate the ether extracts, after a 
rough decantation, to insure a final clear solution. It has been impossi- 
ble otherwise to avoid contamination of the ether extract with some of 
the solid elements of the blood mixture. The amount of sediment 
thrown down is seldom more than 1 cc., and therefore any adsorption 


7. Frank and Goldberger: The Female Sex Hormone: Simplification of 
Technic, J. A. M. A. 90:376 (Feb. 4) 1928. 
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of active follicular material on it must be minimal. Even at the risk 
of such loss, it was felt preferable to introduce this theoretical quanti- 
tative error rather than to risk qualitative errors of unknown variety 
and extent by the inclusion of proteins or other blood portions. 

The reading of the smears has been according to the classification 


of Frank. A number 2 smear is classed as doubtful, while 2 +, 3 and 
4 are positive smears of different grades. 






The material on which this report is based represents a total of 
256 injections. The following deductions were made: 8 injections 
because of error in control smears, 5 blood extracts from pregnant and 
6 from nonpregnant subjects because of insufficient data to classify 
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TaBLe 2.—Results of Ovarian Smear Reactions in Nonpregnant Subjects 
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them properly, 2 from cases of menorrhagia, 2 from postpartum cases 
and, lastly, 30 injections because the mice died before showing a reac- 
tion. It will be noted here that animals which gave doubtful or positive 
reactions have been so classified even in case they subsequently died. We 
have followed Frank’s custom of accepting smears made after death 
if the mouse is still warm. The foregoing cases represent all those 
deducted for any reason (table 1). The remaining unselected series 
of 203 cases represents the basis for the following conclusions. 

Table 2 and chart 1 show in tabular and graphic form the list of 
nonpregnant cases. Comparison of this with Frank’s figures shows 
discrepancies, which are most marked in the group comprised by the 
cases from one to three days premenstrual, although the whole trend 
of the curve is in an opposite sense to that of the latter. 


Table 3 and chart 2 deal in a similar way with the blood from 
pregnant subjects. There is a closer correspondence with Frank’s 
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Chart 1.—Nonpregnant cases. 
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Chart 2.—Pregnant cases. The dotted line represents the curve obtained by 
plotting positive and doubtful cases together. 
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observations in this table, the chief difference lying in the higher pro- 
portion of positive tests which he gets in the fifth, sixth and seventh 
months. In this series the figures show a tendency to drop at the ninth 
month rather than to rise. This may be due to the fact that the nine 
month group is so small. The results reported by Smith * in a group of 
pregnant cases correspond in a general way with table 3 and chart 2. In 
her report is shown a tremendous difference in the amount of blood neces- 
sary to produce a rat (or mouse) unit in any one month group. In this 
relation, the variations in the response to a rat or mouse unit, reported 
by Coward and Burn,’ are of the greatest importance. They conclude as 
a result of their experiments that variations as high as 1,000 per 
cent exist between individual animals. 


TABLE 3.—Results of Ovarian Smear Reaction in Pregnant Subjects 


Positive Doubtful Negative 
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TABLE 4.—Results in Controls 
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Table 4 deals with the nine control injections. These blood speci- 
mens were obtained either from males or from castrated females. The 
one doubtful case recorded falls in the latter group. 


No more definite conclusions seem warranted from such a small 
series of tests than that there is considerable variance between these 
results and those already reported. Neither one series nor the combina- 
tion of them all to date is sufficiently large to determine accurately the 
reliability of the test. Much additional work is necessary before final 
conclusions may be reached. Work is being continued in this laboratory 
with. the hope of reporting a larger series of tests in the future to add 
to the material already in hand. 


8. Smith, M. G.: Study of Ovarian Follicular Hormone in Blood of Pregnant 
Women, Bull. Johns Hopkins Hosp. 41:62 (July) 1927. 


9. Coward, K. H., and Burn, J. H.: Variation in Unit of Oestrus-Producing 
Hormone, J. Physiol. 63:270 (Aug.) 1927. 





VIDIAN NEURALGIA FROM DISEASE OF THE 
SPHENOIDAL SINUS 


REPORT OF A CASE 
HARRIS H. VAIL 


3y 1908, reports of extensive anatomic studies of the nasal sinuses 
ul been made by Zuckerkandl,’ Griinwald,? Onodi* and Killian.* It 
is at this time that an American rhinologist, Dr. Greenfield Sluder,*® 
blished the first of his many important contributions to the anatomic, 
nical, pathologic and therapeutic phases of disease of the posterior 
sal sinuses and the nervous structure affected by it. 

Since then, owing chiefly to Sluder’s work, the sphenopalatine gan- 
ion has become of great importance in the consideration of the 
uralgias about the face. These neuralgias may be grouped in three 
iin types: (1) the true trigeminal neuralgias, (2) the pseudotrigeminal 
uralgias, and (3) the sphenopalatine and vidian neuralgias. 

Many contributions to the knowledge of the first and second groups 
ve come from the work of Dr. Harvey Cushing. 

Studer has done pioneer work in the matter of the sphenopalatine 
uroses and vidian neuralgias. Judging from the scarcity of the 
ports of cases of vidian neuralgia, this type seems to be either rare 

submerged in the larger group of the sphenopalatine neuralgias. 
uder © stated that experimentally he was able to produce by electrical 
imulation to the vidian nerve in the sphenomaxillary fossa, pain in the 
ir, mastoid, occiput, neck, shoulder blade, shoulder, arm, forearm and 
and, and used the term “vidian neuralgia” to describe such a distribu- 

ion of pain. He also stated that the pain in the teeth, eye and temple 
vas the anterior or maxillary part of the symptom-complex of Meckel’s 


1. Zuckerkandl, E.: Normale und pathologische Anatomie der Nasenhdhlen, 
ed. 2, Vienna, William Braumueller, 1893. 


2. Griinwald, L.: Die Lehre von den Naseneiterungen, ed. 2, Munich, J. F. 
Lehmanns, 1896. 

3. Onodi, A.: Die Nebenhohlen der Nase, Vienna, Franz Deuticke, 1905. 

4. Killian, A.: Die Nebenhohlen der Nase in ihren Lagebeziehun zu den Nach- 
barorganen, Jena, Gustav Fischer, 1903. 

5. Sluder, Greenfield: The R6ole of the Sphenopalatine or Meckel’s Ganglion 
in Nasal Headaches, New York M. J. 77:989 (May 23) 1908. 

6. Sluder, Greenfield: Hyperplastic Sphenoiditis and Its Clinical Relation to 


the Second, Third, Fourth, Fifth, Sixth and Vidian Nerves and Nasal Ganglion, 
Tr. Am. Laryng. A., 1915, p. 217. 
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ganglion neuralgia. He‘ reported several cases of vidian neuralgia and 
described tic of the vidian nerve as follows: “Sharp, recurrent, stabbing 
attacks of pain in the lower half of the head, in the neck and shoulder, 
at intervals of not more than a few hours apart.” 

In the consideration of vidian neuralgia, it is important to remember 
that the vidian canal may establish close anatomic relations with the 
sphenoidal sinus by the sixth or seventh year, but the closest relations 
between the vidian canal and the sphenoidal sinus are not made until 
about the fourteenth year. 

Schaeffer,* Sluder,® Mosher,?® Onodi,** Griinwald**? and many 
others described the intimate relations between the sphenoidal sinus and 
the vidian nerve running in the vidian canal. This intimate relation is 
due chiefly to pneumatization of the pterygoid process and even the 
pterygoid plates. 

Many anatomic preparations show the vidian canal running as a 
prominent ridge through the floor of the sphenoidal sinus with recesses 
or prolongations of the sinus, median and lateral to it. Dehiscences in 
the bony wall of the canal may place the sinus mucosa in direct contact 
with the nerve sheath. 

The large type of sphenoidal sinus with recesses and prolongations 
is more subject to what has been termed latent sinusitis by Canuyt, 
Ramadier and Velter.’* These authors feel that sphenoid sinusitis is a 


serious condition, without much tendency to spontaneous healing, partic- 
ularly when there are prolongations extending deeply in the pterygoid 
plates or wings of the sphenoid. Lemaitre ** stated “Les sinusitis com- 
pliqués n’aiment pas les petits sinus.” 


7. Sluder, Greenfield: Concerning Some Headaches and Eye Disorders of 
Nasal Origin, St. Louis, C. V. Mosby Company, 1918, p. 229. 

8. Schaeffer, J. P.: The Nose, Paranasal Sinuses, Nasolacrimal Passageways 
and Olfactory Organ in Man, Philadelphia, P. Blakiston’s Son & Company, 1920. 

9. Sluder, Greenfield: Some Anatomical and Clinical Relations of the Sphenoid 
Sinus and the Cavernous Sinus and the Third, Fourth, Fifth, Sixth and Vidian 
Nerves, Tr. Am. Laryng. A., 1912, pp. 46 and 68. 

10. Mosher, H. P., in discussion of Sluder (footnote 9, p. 68). 


11. Onodi, L.: Die Beziehungen des Canalis vidianus, des Nervus petrosus 


superficialis major und des nervus profundus zu Keilbeinhohle, Monatschr. f. 
Ohrenh. 53:377, 1919. 


12. Griinwald, L.: Descriptiv und topographische Anatomie der Nasen und 
ihrer Nebenhohlen, Handbuch der Hals-, Nasen-, Ohren-Heilkunde, Berlin, Julius 
Springer, 1925, vol. 1, pp. 1-95. 

13. Canuyt, Ramadier and Velter: Les sinusites posteurieuses et leur com- 
plications oculaires, Ann. d. mal. de loreille, du larynx 44:39 and 140 (Jan. and 
Feb.) 1925. 


14. Lemaitre, F.: Les complications orbito-oculaires des sinusites, Bull. et mém. 
Soc. frang. d’oto. rhino. laryng. 34:59, 1921. 





V AIL—VIDIAN NEURALGIA 1249 


The two chief factors in the production of vidian neuralgia are 
(1) infection in the mucosa of a large sphenoid sinus, and (2) a thin 
hony wall of the vidian canal with or without dehiscences. 


REPORT OF CASE 


History—H. B.,°a man, aged 29, was first seen June 10, 1925, referred by 
Or. F. C. Theiss with the diagnosis of Meckel’s ganglion neuralgia. The history 
.as unimportant, except that his nose had been fractured in 1918. The present 

ness dated back to 1920, when he began to have paroxysms of pain which were 
vere, stabbing and continuous. The pain starting on the left side of the nose, 
ust below the inner canthus, would radiate across the face into the left eyeball, 
rehead, upper teeth (with the exception of the incisors), palate, ear, neck and 
oulder on the left side. The attacks of pain, coming at irregular intervals, would 
t from one to three hours. The longest period of freedom from the paroxysms 


A 


Fig. 1.—Anatomic preparation, obtained through the kindness of the Department 
of Laryngology of the Medical School of the University of Cincinnati, showing 
the close relationship of the vidian canal to the sphenoid sinus and the tendency for 


pneumatization of the pterygoid process. A, indicates vidian canal; B, pterygoid 
process, 


was four months. Often, the attacks would be daily for a week or ten days. The 
pain appeared at any time of the day or night, though most frequently at midday. 
At times the attacks were suggestive of malaria. Not at any time during the 
attacks of pain had he noticed sneezing, nasal obstruction, rhinorrhea or nasal 
discharge. Visual or sensory disturbances had never been observed. External 
stimulation to the face or mouth had never provoked an attack. 

Though he had nasal colds, the patient had never noticed any relation between 
them and the attacks of pain. He stated that he had had colds with pains and 
had had pains without being aware of having a cold in his head. On the cessation 
of an attack, his only after-symptom was a worn out feeling. 

Two intranasal operations done in 1922 and 1923 did not give relief, and he 


stated that every physician he consulted had diagnosed his case as Meckel’s ganglion 
neuralgia. 
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Rhinologic examination showed a deviation of the nasal septum to the right. A 
partial anterior resection of the septum had been performed, as well as an operation 
on the anterior ethmoid on the left side. The left middle turbinal was rather large 
and in close contact with the septum, preventing a view of the anterior wall of the 
sphenoidal sinus. Pus or secretions could not be seen. 

There was not any sensory disturbance of the face. 

Results of the general physical, neurologic and serologic examinations were 
negative. 

The patient was seen at irregular intervals during the summer of 1925, but not 
at any time during an attack, in spite of the fact that he was having many severe 
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Fig. 2—Photograph of figure 195 in Schaeffer’s textbook (Schaeffer, J. P.: 
The Nose, Paranasal Sinuses, Nasolacrimal Passageways and Olfactory Organ 
in Man, Philadelphia, P. Blakiston’s Sons & Company, 1920). This preparation 
by Dr. Schaeffer shows particularly well the anatomic relationships between the 
sphenoid sinus and the vidian nerve, in addition to the other important relationships. 


Ganglion sphenopalatinun, 


ones. On one occasion, he was seen as a severe attack was subsiding, and, after 
nine minutes of application of cocaine flakes and epinephrine hydrochloride to the 
region of the sphenopalatine foramen, the pain disappeared. 

During the winter of 1925, he was fairly comfortable in spite of the fact that 
he had had a nasal cold all this time. The attacks of pain returned early in 
February, 1926. At this time, roentgen examination showed an increase of 
density in the region of the left posterior ethmoid. The remaining sinuses were 











| 
1 
| 





Fig. 3.—X-ray film showing a lateral view of the left sphenoidal sinus of the 


patient in the case reported in this article. Note the large size of the sphenoid 
sinus. 








Fig. 4.—X-ray film which shows on the left side the sphenoid sinuses, as 
demonstrated by projection of x-rays through the open mouth. On the right 
side is the Granger angle, with the outline of the sphenoid sinus touched up to 
accentuate the size of the right and left sphenoidal sinus. 
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clear. The left sphenoidal sinus was large, approximately three times the size 
of the right one, with the intersphenoidal septum to the right of the midline. 

Operation—On March 17, 1926, under local anesthesia, a submucous resection 
of the nasal septum was carried to the front wall of the sphenoid. This procedure, 
along with the removal of the anterior half of the left middle turbinal, permitted 
a good exposure of the front wall of the sphenoidal sinus. The left sphenoidal 
sinus was then opened. The Holmes nasopharyngoscope was passed into the 
sphenoid sinus, and the interior of the cavity was inspected through it. Pathologic 
changes were not seen. However, two funnel-shaped recesses leading downward 
and outward were seen in the floor of the sphenoid sinus. Between these two 
openings, which seemed to be about 1 cm. in their long axis, there was a narrow 
ridge projecting well above their level. The ridge ran in an anterior and posterior 
direction. The mucosa lying over the ridge was yellowish, whereas, elsewhere in 
the sinus it was of the usual grayish appearance. This was the ridge of the 
vidian canal with a bony wall so thin that it allowed the yellow color of the vidian 
nerve to be transmitted through it. 

The left posterior and anterior ethmoid cells were opened. Pus was evacuated 
from the bulla ethmoidalis. 


Fig. 5.—Side view of the specimen as shown in figure 1. It shows well the 
view obtained by the Holmes nasopharyngoscope inserted into the cavity of the 


sphenoid. The ridge formed by the vidian canal with pterygoid recesses can be 
well seen. 


During his postoperative course, the patient passed through a severe bilateral 
maxillary sinusitis and otitis media without the recurrence of the neuralgia pains, 
and by July, 1926, he had entirely recovered. 

He returned on March 12, 1927, stating that aside from a few mild attacks 
during February, 1927, he had had complete relief. 

Three days later, wishing to show the patient before the Cincinnati Academy of 
Medicine, I asked him to return, as I desired to demonstrate the size and the 
pterygoid recesses of the sphenoidal sinus by the injection of iodized oil 40 per 
cent into the sinus. 

While 10 cc. of iodized oil 40 per cent was being injected through the operative 
opening in the front wall of the sphenoid, the patient stated that an attack was 
induced. The attack was of typical onset and distribution, but was mild and lasted 
about two minutes. He complained about pain in his left eye, and a remarkable 
phenomenon was discovered. The left pupil became sharply contracted and was 
battered in contour. The conjunctiva suddenly became reddened. The right eye 
was entirely normal. Roentgen examination of the sphenoidal sinuses was made 
soon after. Unfortunately, the prolongations into the pterygoid region were not 


filled with the iodized oil, though sufficient remained in the sinus to .show its 
large size. 
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Two days later, the patient was presented at the Cincinnati Academy of 
Medicine, and for possibly half an hour the nasopharyngoscope was allowed to 
remain in the sphenoid sinus, 

Four days after this, he returned on account of the recurrence of the attacks 
of pain, which for the most part had been quite severe. Examination of the 
sphenoidal sinus by means of the nasopharyngoscope showed a marked pathology 
in its cavity. The openings in the recesses in the floor were closed by edema, In 
fact, there was so much edema of the mucosa in the region of the more medial 
recess that it resembled a polyp formation. ‘In addition to the edema, congestion 
of the sinus mucosa with many blood vessels was seen where previously none 
had been noticed. 

For the two weeks following, the patient had many severe attacks of pain, 
similar in every respect to those prior to the operation. Only slight relief was 








Fig. 6.—Lateral view of the sphenoidal sinus after injection with iodized oil 
40 per cent. The large size of the sphenoidal sinus is well shown. It is impossible 
to demonstrate any filling of the pterygoid processes. 


obtained by the injection of solutions of cocaine into the sinus. When the edema 
and congestion of the sinus mucosa cleared up, the attacks of pain ceased. 

During December, 1927, the patient noticed mild recurrent attacks, and when 
I saw him as I did the day following such attacks, a slight amount of edema was 
always found in the region of the downward prolongation. 

In February, 1928, the patient contracted a cold in the nose. The attacks of 
pain returned and were severe for a month. Examinaticn revealed pus escaping 
from the operative opening of the sphenoidal sinus, and so much edema of the 
mucous membrane was seen with the nasopharyngoscope that it was impossible to 
obtain a view of the recesses. Pus could be seen issuing from the region of the 
more lateral of the recesses. In addition to the sphenoiditis, there was a left 
maxillary sinusitis. This latter required several antral lavages before it cleared 
up. Under daily treatment of the sphenoid sinus (irrigations, instillations of 
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mild silver protein, infra-red light therapy, etc.), the congestion cleared up, and 
by the last of February, 1928, the pathologic state of the mucosa had disappeared. 

The patient was last seen on Sept. 15, 1928, when he stated that he had not had 
any pain for six months. 


SUMMARY OF CASE 





The chief points of interest in this case are: 
1. Neuralgic pains similar to those assigned to Meckel’s ganglion 
neuralgia were present. 

2. Observation over a period of three years showed that a sphenoid- 
itis was always present with the neuralgia. 

3. An operative opening of the sphenoidal sinus made it possible, by 
means of the nasopharyngoscope, to see plainly the size of the sinus and 
the nature of the disease present in it. In addition, the ridge of the 
vidian canal between a median and a lateral pterygoid recess or pro- 
longation could be seen. The bony wall of the vidian canal was thin, 
permitting the yellowish color of the vidian nerve to shine through it. 

4. At the moment of injection of iodized oil 40 per cent into the 
sphenoid sinus for roentgen diagnostic purposes, an attack of 
neuralgia, similar in distribution to previous attacks, was induced. A 
most remarkable phenomenon was observed, namely, a contraction and 
irregularity in contour of the pupil on that side, with reddening of the 
conjunctiva during the few minutes the attack lasted. 

5. Within six days following the injection of iodized oil 40 per cent, 
the appearance of the sphenoidal.mucosa had changed from a perfectly 
healthy looking membrane into a markedly congested and swollen one, 
completely obscuring the recesses. And during the time that these 
changes lasted, the patient had many severe attacks of neuralgic pain, 
similar in every respect to previous attacks. 

6. At a later date, with each recurrence of neuralgic pains, the 
sphenoidal sinus mucosa showed the same inflammatory reactions with 
pus to be seen issuing from the depth of one of the recesses. 


COMMENT 


Infection may be present in a sphenoidal sinus without the patients 
being aware of it by any subjective symptoms, such as are usually 
assigned to cold in the nose. During the attacks of pain, this patient 
was rarely aware that he was having a cold, and yet examination of 
the sphenoidal sinus by the nasopharyngoscope invariably showed the 
signs of infection. 

Every patient with neuralgic pain in the face should receive the 
benefit of a complete examination of the nasal sinuses. In order to do 
this I propose to make an opening into the sphenoidal sinus’ for the 
purpose of inspecting the cavity, if the roentgen examination shows 
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the sinus to be of large size. This, after all, is not any more dangerous 
to the patient than an exploratory puncture for the purpose of irriga- 
tion. The benefits derived from the surgical exploration of the 
sphenoidal sinus are greater than those derived from puncture of the 
anterior wall or lavage through the ostium; it enables one in most cases 
to study the intramural structure of the sinus. My feeling is that this 
cedure will demonstrate that many cases thought to be Meckel’s 
iglion neuralgia are vidian neuralgia. 
Local treatments to the sphenopalatine ganglion may afford tem- 
ary relief, but one may, by delay in getting at the underlying con- 
on, allow the patient to pass over into the tic douloureux stage. 
it may be possible to find in the sphenoidal sinus the etiologic 
tor of some of the cases of tic douloureux, though, of course, by the 
e the patient reaches the condition in which the neurosurgeon finds 
_nothing but procedures directed to the gasserian ganglion will afford 
ef, 
[he size and the relations of the sphenoidal sinus cannot be altered 
the operative procedure, but by operation one not only accomplishes 
ition and drainage of the sinus, but gains an opportunity to see the 
ase in the sinus and to medicate the infection of the sinus in the 
s of recurrent attacks. 
CONCLUSIONS 


\ case is reported with symptoms hitherto ascribed to Meckel’s 
glion neuralgia, which were demonstrated to be due to vidian 
ralgia, the result of an infection in an extensively pneumatized 
enoidal sinus. 

Stimulation of the vidian nerve in its canal by means of the injec- 
tin of iodized oil 40 per cent caused an attack of pain located not only 
in the typical distribution of vidian neuralgia, as described by Sluder, 
but also in the region hitherto ascribed to the anterior or maxillary part 
o! the syndrome, namely, pain in the eyeball, a contraction of the pupil 
with irregularity of its contour, reddening of the conjunctiva and pain 
in the upper canine, bicuspid and molar teeth. 

The case reported seems to show that it may be possible for the 
painful symptoms assigned to Meckel’s ganglion neurosis to be relieved 


by treatment directed to the sphenoid disease, without any treatment 


directed to the sphenopalatine ganglion itself. 
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THE TEACHING OF UROLOGY 


SURGICAL CURRICULUM 


IN THE 





WILLIAM C. QUINBY 


The time passed about eighteen years ago when the question of 
whether urology was entitled to be a specialty within the domain of 
surgery could be seriously discussed in the form of a presidential address 
before the American Urological Association. The definition of a 
specialty was that it was “a department of medicine in which our knowl- 
edge has become so far developed that it requires the whole time of any 
individual to keep abreast of the accumulating knowledge and still have 
time to devote to study of the problems presented.” That even in 1911 
urology was entitled to be considered a specialty was the conclusion both 
of the essayist and of those taking part in the discussion of the paper. 
Today there is no doubt that this decision was in accord with the truth, 
and were proof needed, one has but to consider the subsequent wide- 
spread development of men and departments devoted to the study and 
treatment of diseases of the genito-urinary organs in the outstanding 
schools and hospitals. The American Association of Genito-Urinary 
Surgeons today has sixty-six members; in 1910, there were fifty-one 
members. The American Urological Association has a membership of 
804 persons. Each association holds an annual meeting, and the national 
society also meets once in three years as a member of the Congress of 
American Physicians and Surgeons. Also a section of the American 
Medical Association is devoted to urology, and its program contains 
many valuable titles each year. An International Congress of Urology 
is held at intervals three years apart, at which America is well repre- 
sented. There are two journals in the English language devoted to 
this specialty alone, and a third is even now about to make its appear- 
ance. A similar rapid increase in the development of many other fields 
within the domain of surgery has also occurred within the last quinquen- 
nium ; as, for instance, in orthopedics or in the surgery of the nervous 
system. 

Manifestly, such a sum of detailed information cannot be offered a 
student of surgery in his already well crowded curriculum without 
unjustly burdening him to the point of confusion. One, therefore, does 
well to ask how much and what portions of urology should appear in 
the course in surgery as a prerequisite to the degree of Doctor of 
Medicine. 

The decision in this regard will depend, in large measure, I feel, on 
the following facts: First, it should always be the aim in undergraduate 
medical teaching to offer the student a training in the broad aspects of 
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general medicine and general surgery firmly based on a knowledge of 
the fundamental facts of physiology and pathology. Second, because 
the diseases with which urology is concerned have many borderline 
aspects between both medicine and surgery, this intimate relation between 
the specialty and the more general subjects should be emphasized con- 
tinuously. Also, since many of the diseases of interest to the urologist 
are either local manifestations of a general process or pathologic states 
affecting in turn different portions of the urinary and genital tracts, 
instruction should concern the life history of such diseases as a whole 
rather than be given under anatomic headings. 

A condensed tabular view of the information which every medical 
student should acquire before graduation is as follows: 


1. Urologic Examination and Diagnostic Methods 


(a) The examination of the urine 
(b) Instruments 
(c) Asepsis 
(d) Examination of testes, urethra, prostate and vesicles, bladder, ureters 
and kidney pelves, kidney 
(e) The x-rays in urologic diagnosis 
(f) Renal function tests 
2. Physiology of the Urogenital Organs 
(a) Interrelations of heart, kidney and bladder 
(b) Micturition 
(c) Function of the renal pelvis and ureter 
(d) Function of the kidney 
(e) Function of the testis and accessory genital glands 


7) 


3. Pathologic Physiology of the Urogenital Organs 
(a) Retention of urine 

(b) Incontinence of urine 

(c) Polyuria 

(d) Anuria 


4. Embryology of the Genito-Urinary Organs and the Clinical Significance of 


Developmental Anomalies 
(a) Displacements and acquired deformities 


un 


. Infections of the Urogenital Tract 
(a) Their relation to infections of the body in general 
(b) Their local manifestations in kidney, bladder, prostate and urethra 


. Tuberculosis of the Urogenital Tract 
. Infestations by Parasites 
. Lithiasis and Its Complications 


Coon ON 


. Tumors of the Genito-Urinary Organs 
(a) Hypertrophy of the prostate 
10. Trauma and Foreign Bodies 


Were the whole of the foregoing outline to be presented to the 
student as a didactic course of lectures there would ensue much repeti- 
tion and loss of time. Furthermore, the didactic lecture had in most 
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instances far better be replaced by the clinic, leaving any omissions to 
be covered by outside reading. Thus the subjects noted under the first 
four headings will be taught at various times and by various instructors 
during the first two years of medical school work as a part of the courses 
in general diagnosis, physiology and pathology. To this will be added, 
usually during the third year, practice in the actual performance of 
diagnostic procedures. This instruction must be largely to the individual 
student or to very small groups, and is most conveniently carried out in 
the ambulatory clinic. So far as the rather extensive armamentarium 
of the urologist is concerned, only those measures which apply to diag- 
nosis and simple treatment should be stressed. The use of the cysto- 
scope, therefore, can be taught the pupil in an analogous manner and 
even at the same time in his career as he is instructed in the ophthalmo- 
scope or the laryngoscope. Here also, the various manifestations of 
gonorrhea will be taught. 

During the third or fourth year, the class as a whole should attend a 
sufficient number of lecture-clinics to have clearly presented to them 
such subjects as the significance of hematuria and pyuria, hypertrophy 
of the prostate and other forms of abnormality of urination, infections 
in general, tuberculosis and neoplasms. 

It may seem by comparison with the mass of information available 
that these requirements are meager. When compared, however, with 
the aggregate amount of knowledge comprised today under the heading 
of surgery, it will more readily be seen that the ratio is a fair one, for 
one must keep constantly in mind the fact that it is a point of view 
concerning medical and surgical diseases as a whole which should be 
demanded of the student ; not that he should become a specialist. Fur- 
thermore, no worker in any one special field has the right to assume that 
because he is deeply interested in his subject, the student must also take 
an equally active interest in it. 

Should the student wish to acquire a more intimate knowledge of 
urology, the time to obtain this is as a resident in hospital after he has 
finished his internship in general surgery. In such a post, he will be 
able to devote himself entirely to the group of diseases comprised by 


urology at a time when he will have acquired sufficient maturity to profit 
by such experience. 








CHOLECYSTOTOMY VERSUS CHOLECYSTECTOMY * 
LOUIS F. FALLON 


The general practitioner who also performs operations is likely to 
develop a different attitude toward his cases, perhaps because his errors 
f judgment are always with him. It is customary for the specialist- 
urgeon to return the patient to the care of his regular physician when 
he operative convalescence is complete. If the operation is not com- 
letely successful or if there is recurrence of the trouble, it is thus the 
-neral physician who frequently shoulders the worry and discourage- 
ent. When a single person shoulders both jobs, that of the surgeon 
nd that of the practitioner, it is certain that the patient will know whom 

» blame. 

Cholelithiasis is a condition in which operation not infrequently 
roves disappointing. Fortunately, this experience seems to be decreas- 
g, and this decrease probably is in relation to the growing tendency to 
ractice removal of the gallbladder. It is because of the disappointments 

my own practice that this paper is written. 

These fourteen consecutive cases are presented with the hope that 
1ey will bring out some points of value in this relation. As a rule, 
ne is apt to look for the classic symptoms of disease of the gallbladder, 
e., typical attacks of gallstone colic with or without jaundice, before 
ne ventures the diagnosis of gallbladder disease. 


REPORT OF CASES 





I shall briefly review the essential points in each case. 


Case 1.—Mrs. E. P. gave a history of sharp attacks of pain in the epigastrium 
t frequent intervals. She suffered considerably from “indigestion,” as evidenced 
by a burning pain after eating and gaseous eructations. When she was first seen 
three years before operation, gallstones were considered the probable cause of her 
trouble, but she refused operation. When she returned again she had constant 

‘hing pain, which was worse after eating, and she had lost weight. Malignant 
lisease was now considered. At operation the gallbladder, with five large stones, 
was removed. The gallbladder was much thickened, but there was no evidence of 
malignant disease. The patient made an uneventful recovery, and when last heard 
from was enjoying better health than she had had for many years. 

Cast 2—Mrs. E. T. had suffered for a long period with “indigestion” which 
culminated recently in a rather typical attack of gallstone colic associated with 
jaundice. In this case, the gallbladder was drained after removal of the stones. 
The patient made a prolonged though uneventful recovery. She left the country 


* From Clinical Work, St. Clau’s Mercy Hospital, St. Johns, Newfoundland. 
*Read before the St. Johns Clinical Society, St. Johns, Newfoundland, 
December, 1927. 
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shortly after the operation, and while a direct communication has not been 
received, it is understood that there has been a recurrence. 


Case 3.—Mrs. E. C. gave a history of typical gallstone colic, the attacks being 
more frequent after confinements. Between attacks she suffered from gastric 
discomfort, which consisted of burning after eating and gaseous eructations. A 
cholecystectomy was done. The patient made an excellent and rapid recovery, 
and has enjoyed good health ever since. 


Case 4.—Mrs. M. D., aged 27, had typical attacks of gallstone colic, one attack 
occurring with jaundice. Cholecystotomy was performed three years ago. She 
is beginning to have recurrent symptoms, and I regret not having removed the 
gallbladder. 

Case 5.—Mrs. C. H. suffered mostly with attacks of sharp pain in the epigas- 
trium. The pain did not seem to radiate and was not accompanied at any time 
with jaundice. Cholecystectomy was performed two years ago, and she has 
enjoyed excellent health ever since. 


Case 6.—Mrs. M., aged 66, for years suffered from “indigestion” which seemed 
to consist of burning or gnawing pain in the epigastrium and gaseous eructations. 
Later, she developed sharp attacks of typical pain which several times was accom- 
panied with jaundice. Cholecystectomy was performed, and for the past two years 
she has really enjoyed life. 

Case 7.—Mrs. M. T., aged 46, had a severe attack of pain and jaundice. During 
the succeeding year, she suffered with a gnawing in her stomach and gaseous eructa- 
tions. The Graham test indicated cholecystitis. At operation there were no stones, 
but the omentum was adherent to the gallbladder, which was thickened. The gall- 
bladder was removed. The patient’s general health and gastric condition have been 
improved ‘since the operation. 

Case 8.—Mrs. A. S. had a previous cholecystotomy done by another surgeon 
seven years before I saw her. The trouble at the time of examination was mostly 
dull pain and discomfort after eating, the pain becoming acute at times. She had not 
been jaundiced since her last operation. The Graham test showed a mottling indica- 
tive of stones. The operation was difficult because of the dense adhesions from the 
former operation. The gallbladder was found to contain stones and was removed. 
The condition for which the patient sought relief has cleared up. 


Case 9.—In Mrs. H. W., aged 40, the attacks were fairly typical. She also 
had attacks of jaundice. The Graham test indicated stones. At operation, the 
gallbladder was found full of stones and was removed. This patient was the 
sister of the patient in case 5. 


Case 10.—I had performed a cholecystotomy on Mrs. F. C. two years before 
for rather typical attacks of colic, but she was never jaundiced. The Graham test 
indicated stones, which were found at the second operation. The gallbladder was 
removed, and the patient now seems in good health. 

Case 11.—Mrs. W., aged 55, had for years suffered pain after eating, con- 
siderable gaseous eructations and vomiting at times, with relief. There had been 
loss of weight, and the patient appeared cachectic. Roentgen examination of the 
gastro-intestinal tract gave negative results, except for a poorly stained gall- 
bladder which suggested cholecystitis. The operation was in the nature of an 
exploratory one with the expectation of finding a malignant condition following 
ulceration. At operation tumor or ulcer sites could not be found, but the gall- 
bladder was considerably distended with several adhesions to the transverse colon 
and omentum. The gallbladder was removed, and at the end of a year the patient 
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stated that she was enjoying life more than she had for twenty years. She had 
put on weight and was almost entirely free from gastric distress. 


Case 12.—Mrs. W., aged 46, entered the hospital for gynecologic examination. 
[he history elicited the fact that for many years she had suffered from gastric 
liscomfort consisting of burning pain in the epigastrium which grew worse after 
-ating, and gaseous eructations. She never had attacks indicative of colic nor had 
he ever been jaundiced. There was tenderness over the gallbladder. The 
Graham test indicated stones. This was confirmed at operation, and the gallbladder 
vas removed. 


Case 13.—Mrs. B. gave a history of colic but no jaundice. The Graham test 
licated stones. This was confirmed at operation, and the gallbladder was 
moved. 


Case 14—Mrs. L. was admitted to the hospital because of lower abdominal 
stress. There was a history of considerable indigestion at times, which consisted 

gnawing in the epigastrium and gaseous eructations. There were never any 
ttacks indicative of colic, nor was she ever jaundiced. An operation was performed 
r lower abdominal disease, and a small ovarian cyst and the appendix were 
moved. In the course of exploration, the gallbladder was found to contain stones. 
was small and nonfunctioning and was excised. The patient has been in good 
alth since the operation. Whether the gallbladder was responsible for the con- 
tion I cannot say, but I believe it highly probable. 


I realize that it is ridiculous to draw positive conclusions from so 
nall a group, but this study does point the way to thoughts that are 
ore or less borne out by others with a much larger experience. Only 
3 per cent of this group had ever been jaundiced. While 75 per cent 
id attacks of sharp pain strongly indicative of gallstone colic, they went 
1" varying periods of years with an indefinite history of indigestion. 

The familial tendency in this small group is striking. In one family 

wo sisters were affected, and their mother has had definite attacks of 
allstone colic, although as yet she has not come to operation. Another 
sister is showing suspicious signs of indigestion. I recall another fam- 
ly with a similar history. Is there a hereditary predisposition toward 
he precipitation of bile salts or is there a hereditary predisposition for 
the selective action of bacteria? In none of these cases was there a his- 
tory of typhoid fever. 

It is a well recognized observation that gallstones are more prevalent 
in women, especially in those who have borne children. The first attacks 
of colic frequently come on just after the puerperium. 

The fact that so many of these cases showed years of indefinite 
indigestion has convinced me that one should study all cases of indefinite 
and obstinate indigestion from the standpoint of possible disease of the 
gallbladder. Here the x-rays and the Graham test may be of consider- 
able help. The general experience seems to be that the Graham test is 
reliable in about 9 per cent of its reports. It does not supplant clinical 
observation, nor should it be accepted per se; however, it is a valuable 
adjuvant in arriving at a diagnosis. 
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CONCLUSIONS 

My main object in this discussion is to determine whether cholecys- 
tectomy is not a more desirable operation than simple drainage. Before 
I state the reasons why it seems more desirable, it would be well to 
consider what are the accepted functions of the gallbladder. The only 
definite function that all agree on is that of storage of bile. In addition, 
it is suggested by some that considerable mucus is secreted which is 
necessary in the dilution of the bile. However, it is generally known 
that a great many people who have parted with their gallbladders are not 
only living, but are considerably improved by the operation. The gall- 
bladder does not seem to be necessary to life. 

My reasons for believing that cholecystectomy is the operation of 
choice are: 

1. A diseased gallbladder nearly always remains diseased. 

2. Various authorities state that gallstones recur in from 30 to 60 
per cent of the cases in which simple drainage alone has been resorted to. 
In other words, a large percentage of patients come back for operation 
sooner or later. 

3. When a patient comes to reoperation it is my experience to find 
dense adhesions, and the operation of removal becomes much more 
complicated and serious. 


4. Gallstones are not a disease in themselves, but only a symptom 


of disease, and by removing the stones alone one is removing only a 
symptom and not the disease. 


5. In cholecystectomy the raw surface can nearly always be covered 
over with the reflected peritoneum, and adhesions are less likely to form. 

6. Convalescence is greatly shortened. 

Disease of the gallbladder is frequently difficult to diagnose early, 
because the classic symptoms of colic and jaundice may not have been 
present, and the symptoms are indefinite. 

The present dye-x-ray method of Graham is of considerable help in 
arriving at a diagnosis. 

Cholecystectomy is the operation of choice if there are no definite 
contraindications. 





NEPHROLYSIS, URETEROLYSIS AND NEPHROPEXY 


AN ANALYSIS OF THIRTY CONSECUTIVE OPERATIONS WITH 
DESCRIPTION OF TECHNIC 


VINCENT J. O’CONOR 


There is probably no subject in medical literature which has given 
ise to such extreme divergence of opinion as the relative importance 
f abnormal renal mobility as an etiologic factor in the production of 
umbar, abdominal and pelvic pain. 

In more recent years, the association of faulty ureteral or renal 
elvic drainage with the persistence or recurrence of renal infection, 
he formation of calculi and the development of hydronephrosis has 
‘urnished additional study and controversy among those most interested 
1 these subjects. 

With the marked improvement in modern methods of urologic diag- 
osis, notably the procedure of clearly outlining the ureter and renal 
elvis with opaque material in the roentgenogram, it might seem that 
ufficiently accurate data could be obtained to decide whether or not, in 
carefully studied patient, abnormal renal mobility actually resulted in 
listressing or damaging sequelae. 

On the contrary, additional information of obstructive processes in 
nd about the ureteral lumen has complicated the diagnostic picture 
intil the subject of movable kidney cannot be considered apart from 

such lesions as are tabulated under the headings of ureteral stricture, 
ureteral kinks, angulation of the ureter, renal torsion and early 
iydronephrosis. Furthermore, the interpretation of ureteropyelograms 
lyy the most experienced observers varies so greatly that when the various 
opinions are correlated with the idea of fairly analyzing the diagnostic 
and therapeutic problems of ureteral obstruction, whatever the under- 
lying cause may be, one finds himself obliged to turn to an analysis of 
personal experience to arrive at a satisfactory conclusion. 

In the light of these more modern methods of urologic diagnosis, it has 
been interesting to note that surgeons with a primary interest in surgical 
procedures on the urinary tract have gradually come to a new recogni- 
tion of the value of operative measures which would free the kidney 
and ureter and restore pelvic and ureteral drainage by proper fixation 
of the kidney itself. The indications for such operative intervention 
in these instances are based on the accurate observation of urologic data 
and not on the ordinary physical symptoms which formerly led to 
unnecessary surgical procedures and a resultant widespread repudiation 
of so-called nephropexy or kidney fixation. 
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Kelly, Burford,? Mathe,* Fowler, and others in this country, have 
recently reported in detail their successful treatment of persons with 
“ptosis” of the kidney. In their patients, accurate urographic observa- 
tions confirmed the indications for operation. Kolischer * has empha- 
sized the value of nephrolysis and ureterolysis, as first described by 
Rovsing, with similar effect in his patients. 

The constantly increasing number of reports by leading urologists, 
both at home and abroad, support the fact that, in carefully studied 
cases, a suitable technic for freeing and fixing the kidney is followed by 
a highly satisfactory result which could not be obtained by other thera- 
peutic procedures. 

The occasion of this report necessitates a brevity which precludes 
an extensive resumé of the literature and any attempt at detailed study 
of individual case reports. The roentgenographic data and follow-up 
analysis, which is complete in each instance, will be limited to a few 
illustrations and a generalized summary. 

This contribution is based on a careful study of thirty consecutive 
operations for the relief of malposition of the kidney and ureter, asso- 
ciated with faulty drainage, persistent urinary infection or early 
hydronephrosis, and clinically manifested by lumber, abdominal or pelvic 
pain with or without objective or subjective symptoms referable to the 
urinary tract. 

INCIDENCE 


In 1,118 routine hospital urologic examinations conducted to deter- 
mine the possibility of a pathologic process in the upper urinary tract, the 
diagnosis of abnormal mobility of the kidney was recorded in sixty- 
seven patients, sixty-three of whom were females and four males. The 
clinical situation prompted advice for operative intervention in forty-one 
of these persons. Thirty accepted operation; six are still under obser- 
vation, and five did not return for further advice. Of the six still under 
my care, four have had no relief from nonoperative therapy and two 


are partially improved after complete progressive dilatation of the 
ureter. 


Of the thirty patients on whom nephrolysis, ureterolysis and 
nephropexy was performed by the technic to be described, twenty-nine 
were females and one a male.® The only point of interest as to etiology 


1. Kelly, H. A., and Burnam, C. F.: Diseases of Kidneys, Ureter and Blad- 
der, New York, D. Appleton & Company, 1915, vol. 1, p. 459. 

2. Burford, C. E.: Nephropexy for the Relief of Ureteral Kinks, Associated 
with Ptosis, Section on Urology, A. M. A., 1926, p. 212. 

3. Mathe, C. P.: Movable Kidney, Surg. Gynec: Obst. 40:605 (May) 1925. 

4. Kolischer, G.: Nephrolysis and Ureterolysis, J. Urol. 8:149 (Aug.) 1922. 

5. H. H. Young states that in 12,000 males admitted to the Brady Clinic, 
nephropexy was performed ten times with relief. 
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was that nine of the patients dated the onset and course of their trouble 
so intimately with mechanical injury, and the operative observations so 
closely tallied with this supposition, that they have been definitely classed 
as traumatic in origin. One cannot, of course, overlook the fact that in 
these persons there were undoubtedly predisposing factors which made 
this traumatic displacement possible. In this regard it is interesting to 
note that Kelly found a history of injury in only thirteen of 242 cases 
liagnosed as movable kidney causing clinical symptoms. 
Of the thirty patients on whom operation was performed, the right 
kidney was displaced in twenty-six, the left in one (definite trauma), 
nd was bilateral in three (one definitely traumatic in origin). Eight- 
en patients had infection of the affected kidney, and fourteen of these 
had been treated previously by removal of foci of infection, renal lavage 
nd ureteral dilatation. In twenty-two patients, ureteral dilatation and 
mservative measures were carried out by me for periods of from 
ix months to three years without obtaining permanent relief of pain or 
irinary infection when present. Sixteen of these patients had been 
perated on previously for the complaint cited at the time they first 
ime under my observation. In no instance had relief been obtained. 
n eleven, the appendix had been removed; in three, operation for 
ixation of the uterus had been done and two had had explorations of 
he gallbladder without removal. 





METHOD OF DIAGNOSIS 


Ureteral cathetherization with complete analytic and bacteriologic 
examination of the divided urine was performed in every instance, in 
addition to pyelo-ureterography in both the prone and the upright posi- 
tions. Since the work of Goldstein * on fractional ureterography, twelve 
of these patients have had careful studies as to the emptying time of the 
pelvis and ureter. I consider this additional information as of great aid 
in deciding whether pelvic or ureteral stasis should be relieved by 
ureteral dilatation alone, operation alone, or combined dilatation and 
operation. In the twelve so studied, the pelvis showed an emptying 
time of from thirteen to sixty-six minutes. The normally draining 
ureter and pelvis is usually emptied of opaque material in from six to 
eight minutes. A retention after ten minutes is considered definitely 
abnormal. The patient is kept in the upright position during these 
observations. 

The tip of the ureteral catheter was always kept in the lower ureter 
during the instillation of the opaque solution (12.5 per cent sodium 
iodide) and was then completely removed while fractional uretero- 
pyelograms were being made. 


6. Goldstein, A. E.: Scientific Study of the Normal Human Ureter by 


Fractional Uretero-Pyelography, J. Urol. 6:125 (July) 1921. 
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From my observations of these patients, both roentgenologic and 
anatomic, I am inclined to believe that ptosis of the kidney in itself is 
merely a contributory factor in the development of ureteral and pelvic 


stasis. When there are no abnormal peripelvic or peri-ureteral attach- 
ments or adhesions, the free course of pelvic or ureteral drainage seems 
rarely interrupted. But when sclerotic adhesions or posterior peritoneal 
attachments result in compression or angulation of the ureter in its 


Capsule reflected from anterior 
surtace 


Retlected flaps 
overlapped ar 
suture placed 


Capsule ref'lected from 
posterior surtace 
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\\ of Kidney 


Fig. 1—Method of capsule-reflection and the manner of placing tension-sutures 
through all three layers. 


course from the pelvis to the bladder, the descent or rotation of the 
kidney results in obstruction and angulation at these areas. These 
observations are frequently, but not always, confirmed at operation, if 
great care is taken in the process of freeing the pelvis and ureter from 
their surrounding attachments. I believe it is for this reason that 
ureteral dilatation by bougies introduced within the lumen of the ureter 
gives only temporary, if any, relief of the obstruction in this. type of 
pathologic condition. 
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The technic of operation, therefore, not only must include a proper 
replacement of the kidney in as nearly the normal position as possible, 
but also must provide for a complete freeing of the kidney, kidney-pelvis 
and ureter from surrounding attachments before the restoration of 
position is attempted. 

Of the thirty patients operated on, abnormal peri-ureteral or pelvic 
attachments were demonstrated in sixteen. In six, there was a per- 
sistent lobulation of the kidney and in eight an anomalous or bipolar 
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Fig. 2—Character of incision and method of freeing the ureter and kidney 
pelvis. 


blood supply. In none of the latter instances was there ureteral or 
pelvic compression from the anomalous vessels such as is frequently 
seen in more marked hydronephroses. In two instances, there was a 
complete reduplication of the pelves and ureters. 

The surgical technic adopted in these cases combines complete 
ureterolysis and nephrolysis (freeing of kidney and ureter) and sus- 
pension or fixation by a method which I have found to insure most 
satisfactorily a high fixation of the kidney. An incision (figs. 1, 2 
and 3) is made just below and paralleling the anterior half of the twelfth 
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rib. It is then carried downward and forward and need not exceed 
5 inches (12.7 cm.) in length. The kidney is freed in the usual 
manner, and all fatty tissue about the kidney and in the renal fossa is 
excised. The pelvis and ureter are carefully separated from all sur- 
rounding attachments, the latter being isolated down to the bifurcation 
of the iliac vessels. The kidney is completely freed so that the pedicle 
can also be isolated from any adherent structures. The true capsule 
is then incised both anteriorly and posteriorly at the upper pole and 
reflected carefully down to the region of the hilum. If this is done 
gently, cortical tissue will not be torn off with the capsule. The lower 
pole capsule is incised and reflected upward in a similar manner. This 
leaves a band of true capsule about 2 inches (5 cm.) wide surrounding 
the middle third of the kidney. The capsular layers are than ovedlapped 


Fig. 3—Diagrammatic representation of position of kidney after the tension 
sutures have been tied above the twelfth rib. 


so that three thicknesses are available for the placing of suspension 
sutures. .\ U-shaped interlocking continuous suture of no. 2 chromic 
catgut is then placed through the three capsular layers from the con- 
vexity toward the hilum, both anteriorly and posteriorly. The ends of 
these sutures are left from 6 to 8 inches (15.24 to 20.3 cm.) long, 
so that they may be easily carried above the exposed portion of the 
twelfth rib. The strength of these suspending ligatures when placed 
in this manner is great, and they can be tested by traction to show that 
no separation of capsule will result when they are placed under tension. 
The kidney is then displaced downward in the wound, and the renal 
fossa is enlarged by blunt stretching with moist gauze packs. The 
posterior tension sutures are then first carried under and above the 
twelfth rib as far toward the costovertebral angle as possible: When 
these are in place, the anterior sutures are also carried under and above 
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the twelfth rib 1 or 2 inches (2.5 or 5 cm.) in front of the sutures from 
the posterior side of the kidney. The kidney is then pushed up firmly 
beneath the diaphragm and the elevation apparatus on the table is low- 
ered. While the kidney is held in position, the sutures are pulled up 
firmly and tied simultaneously above the rib. The remaining strands 
of all four are again tied. This procedure serves to hold the partially 
decapsulated kidney in such a position that adhesions to the psoas muscle 
and diaphragm are inevitable. The suspending sutures are merely tem- 
porary insurance that the kidney will be held in a proper high position 
while adhesions are being formed. No further “anchoring” of the kid- 
ney is necessary, and the usual closure can be made without drainage. 


Fig. 4—A is a pyelo-ureterogram taken in a prone position; B, the same in an 
upright position showing marked ptosis, angulation of ureter, and early hydro- 
nephrosis, June, 1924; emptying time of the pelvis, eighteen minutes. C is taken 
in an upright position four years after operation showing normal pyelo-ureterogram 
and an emptying time of four minutes. 


No elevation of the foot of the bed as a postoperative postural aid 
was used in this series. All patients were allowed to sit up in bed on 
the fourteenth postoperative day and to walk about without belts or 
corsets as soon after this time as their general condition warranted. 
Each one of the thirty patients walked out of the hospital in from 
sixteen to twenty days after operation. 


CLINICAL RESULTS 


Twenty-two of these patients have been seen and examined by me 
since June 1, 1928. Since Jan. 1, 1928, the remaining eight have written 
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Fig. 5.—A is a pyelo-ureterogram taken in a prone position; B, the same in an 
upright position showing marked ptosis, angulation of ureter, January, 1925; C, 
upright position three years after operation showing normal pyelo-ureterogram 
and an emptying time of five minutes. 


Fig. 6.—A is a pyelo-ureterogram taken in a prone position; B, the same in an 
upright position showing marked ptosis, rotation of kidney; emptying time, fifteen 
minutes, June, 1926. C is taken in an upright position showing a normal pelvis, 
decrease in hydronephrosis, broad ureteral kink, but an emptying time three and 
one-half minutes, June, 1928. 
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me, or their physicians have reported their progress. The duration 
since operation is as follows: 


8 y patients 
7 years patients 
6 years patients 
5 patients 
4 years patients 
3 years patients 
2 years patients 
1 patients 


Symptomatically, these patients classify their results as follows: 
mpletely well, twenty-one patients; greatly improved, six ; somewhat 
proved, two; not improved, one. (The patient last mentioned was 
ie with right lumbar and pelvic pain; she had a complete double 
eter and pelvis, both of which showed marked urinary infection. I 
id treated her by nonoperative measures for three years, with only 
mporary relief. At operation, I avoided nephrectomy because good 
nal function persisted.) 

When asked if they were glad they had had this operation, twenty- 
ur patients replied in the affirmative, four said they “did not know” 
id two replied in the negative. 


OBJECTIVE RESULTS 


Ten of these patients returned this year at my request for uretero- 
yyelographic studies. As might be inferred, all were among those who 
considered themselves well, but I was interested in proving the present 
‘ondition of their renal position and urinary drainage in an accurate 
manner. 

Not one of these patients had an emptying time of more than seven 
minutes after the pelvic instillation of 8 cc. of 12.5 per cent sodium 
iodide solution. In eight, the outline of the pelvis and ureter were 
normal, and in two there was still a moderate pelvic dilatation without 
retention. In one, there was a broad angulation of the ureter without 
obstruction (figs. 4, 5 and 6). 


SUMMARY 


1. Freeing of the kidney and ureter and suspension of the kidney 
(nephrolysis, ureterolysis and nephropexy) is an efficient and justifiable 
operative procedure when applied to patients who are carefully studied. 


2. The diagnosis rests only on accepted urologic procedures utilizing 
modern methods of ureteropyelography and consideration of upper 
urinary tract mechanics. 
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3. The mere presence of abnormal renal mobility is not to be 
considered pathologic unless clinical and objective study demonstrates 
definite indication of deficient ureteral or pelvic drainage. 


4. A satisfactory operative technic is described which varies some- 
what from previously reported methods. 


30 N. Michigan Avenue. 





EPITHELIOMA OF THE PENIS 
TREATMENT WITH RADIUM AND THE ROENTGEN RAYS * 


ARCHIE L. DEAN, ‘Jr. 


This paper is a clinical study of seventy-five cases of epithelioma of 
the penis in which examination and treatment were given in the depart- 
ient of urology of the Memorial Hospital in New York. 


ETIOLOGY 


The ages of the patients at the time of onset of the disease ranged 
etween 21 and 79, with the decades represented as follows: between 
0 and 30 years, 8 per cent; between 30 and 40 years, 13 per cent; 
etween 40 and 50 years, 23 per cent; between 50 and 60 years, 29 per 
ent ; between 60 and 70 years, 17 per cent, and between 70 and 80 years, 
' per cent. Seventy per cent of the patients were married, 11 per cent 
vere widowers and 19 per cent were single. They had engaged in every 
ype of occupation. Nine per cent were negroes and 91 per cent were 
vhite. No Jews appeared in this series. Fifty-two per cent were born 
n the United States; 11 per cent were Italians, 9 per cent were Irish, 

per cent were Germans, 4 per cent were Cubans, while natives of 
\ustria, England, Scotland, Finland, Russia, Denmark and Sweden 
vere included. Sixty per cent said that they had not had previous 
enereal infection, and 24 per cent admitted that they had had gonor- 
hea. The presence of syphilis was admitted or proved in 20 per cent, 
while 2 per cent had suffered with chancroid. In 4 per cent there had 
been a mixed infection of syphilis and chancroid, and in 2 per cent of 
syphilis and gonorrhea. 

The outstanding factor in the causation of penile cancer is a tight 
prepuce, which is difficult or impossible to retract. Retained secretions 
are a well recognized source of chronic irritation. Hard, inspissated 
smegma is a potent factor of mechanical irritation, and the presence of 
fatty acids may furnish irritation of a chemical nature as well. For this 
reason the disease practically never is seen among Jews or Moham- 
medans. In this series, there is no record of a case of epithelioma of 
the penis developing in a man circumcised in infancy. 

Syphilitic ulcers and scars are mentioned frequently as of etiologic 
importance. Leukoplakia is recognized as a precancerous lesion. In 
addition, papillomas of the penis have been known to undergo malignant 
degeneration, while accidental trauma of various degrees of violence, in 
certain instances, has been described as a contributing cause. In my 


* From the Department of Urology, the Memorial Hospital, New York. 
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experience these factors have seemed of but secondary importance when 
subjected to critical examination. Phimosis alone was found in 74 
per cent of the patients. A positive diagnosis of syphilis was made in 
20 per cent of the cases, but these men all had a certain degree of 
phimosis as well. In 3 per cent, leukoplakia unquestionably preceded the 
cancer, but each of the patients had submitted to a circumcision in adult 
life, probably for sufficient cause. 


SYMTOMATOLOGY 


The first symptom noticed by 73 per cent of the patients was a small 
sore on the penis. The most common site for the primary lesion to 
appear was somewhere on the glans. Nine per cent of the men first 
were aware of irritation followed by a small sore; 5 per cent suffered 
from paraphimosis, circumcision revealing a carcinoma, while 5 per cent 
first saw warts beneath a tight prepuce. The patients with leukoplakia 
noticed “scaly skin,” which in one case appeared as a “corn.” 

It is noteworthy that in practically all of the cases, even though 
phimosis and chronic balanitis had been present for years, a condition 
appeared recognized by all as something decidedly different, even though 
its nature was not appreciated. Moreover, in the great majority of cases, 
even though an irritated condition had been present for a long time, the 
area of true epithelioma was small when it was first noticed. 

As the disease progressed, the lesion gradually increased in size. In 
58 per cent of the cases, pain developed. The pain was manifest by 
aching (22 per cent), stinging (14 per cent), a sharp and burning 
sensation (11 per cent) and itching (11 per cent). Other symptoms 
were paraphimosis, 5 per cent; bleeding, 5 per cent; difficult urination, 
5 per cent; frequency of urination, 3 per cent. Usually there was dis- 
charge of foul, purulent material from beneath an inflamed prepuce. 
Frequently, the same patient had a combination of these symptoms, but 
the usual history was that a sore appeared which steadily increased in 
size, and soon became painful. 

PATHOLOGY 


There are two clinical varieties of epithelioma of the penis, the papil- 
lary and the flat. The papillary tumor is cauliflower-like in appearance. 
It consists of a densely matted villous overgrowth. The contour of the 
tumor as a whole is characterized by the broadness of its base in relation 
to its height or thickness. Areas of slough are present on the surface. 
The individual villi differ from the slender, elongated and pointed struc- 
tures of benign papilloma in that they are shorter, thicker and club- 
shaped. 

The flat carcinoma is usually an indurated area with an ulcer of 
irregular outline in the center. The entire ulcerated area usually is 
covered with a foul grayish or greenish-yellow slough. 
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An early lesion consists of a superficial ulcer superimposed on a 
broader, indurated base. Later, so great is the destruction of tissue that 
the tumor seems to be composed of an extending, sloughing ulcer sur- 
rounded by a narrow zone of induration. 

Histologically, both the papillary and the flat lesions are squamous 
‘arcinomas. Each type spreads by progressive involvement of con- 
iguous structures, while at the same time it excavates more deeply. 
uck’s fascia, owing to its relatively dense consistence, is a natural bar- 
ier to the superficial tumor. When this structure has been penetrated, 
id the cavernous tissue has become involved, at the Memorial Hospital 

prognosis is promptly said to be more grave and the type of treat- 

nt altered. 

Metastases occur by embolism. Lymphatic permeation is believed 

be a later stage, in which cancer-emboli, caught somewhere in the 
mph-channel, grow in the directions of lesser resistance. 

The superficial areas of the penis are drained by lymphatics which 

mmunicate with nodes in the groins. The deeper tissues are drained 

vessels which accompany the dorsal vein of the penis to nodes in the 
lvis. On this account, and because cancer of the penis remains super- 
ial for some time, it is the inguinal nodes which are examined for 
rliest metastases. 

In general, metastasis occurs rather later in the course of the disease. 

i the other hand, there is evidence suggesting that certain methods of 
eatment, especially those in the nature of incomplete destruction, are 
onducive to early metastasis. 

Ulceration of the primary lesion occurs early, and the environment 

{ filth results in secondary infection becoming a prompt and constant 
uperadded factor. 

A study of the condition of the inguinal nodes of the patients in this 
series is interesting. Inguinal adenopathy was present in 85 per cent; 
in 15 per cent there was none. Of the enlarged nodes, 44 per cent were 
diagnosed as metastatic carcinoma; 56 per cent were considered purely 
inflammatory. Of the 44 per cent diagnosed as cancerous, 85 per cent 
(37 per cent of all patients), were proved to be such either by histologic 
study or by subsequent developments. The remaining 15 per cent (7 per 
cent of all patients) were proved to be inflammatory. Of the 56 per 
cent of the enlarged inguinal nodes originally diagnosed as nonmalig- 

nant, in not a single instance has cancer developed. 


DIAGNOSIS AND TREATMENT 


The diagnosis of epithelioma of the penis should be made histo- 
logically. A biopsy carefully performed with a sharp razor does little if 
anything toward hastening metastasis. There is no doubt that in most 
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instances a competent physician can make a correct diagnosis clinically ; 
still the records show much valuable time lost by inappropriate therapy 
before the true nature of the lesion is discovered. Moreover, following 
Broder’s grouping of malignant tumors, scientific treatment is based on 
the intimate details of cellular structure and arrangement. This is 
revealed only by the microscope. 

The prophylactic treatment of epithelioma of the penis consists in the 
circumcision of all male infants. 

In the use of physical agents in the treatment of epithelioma of the 
penis, only intense irradiation is effective because squamous carcinoma 
is highly radioresistant. For this reason and also because of greater 
convenience, radium applicators are employed at the Memorial Hospital 
in dealing with the primary lesion. 

In the management of metastases, the difficulties are still greater 
owing to the overlying tissues which must be penetrated by the rays 
before they are delivered within the tumor. Under these conditions, a 
combination of high voltage roentgen rays and the radium pack is most 
effective. 

The details of the treatment of individual cases are modified accord- 
ing to the size of the primary tumor, how deeply it has penetrated, and 
on the presence or absence of metastases. Of course, the patient’s general 
condition is of the greatest importance. In all cases an attempt is made 
to obtain an accurate estimate of the extent of the penile lesion. Occa- 
sionally, this requires a dorsal slit or lateral incisions of the prepuce. 
Whatever form of treatment is adopted, a strenuous effort should be 
made to obtain as clean a field as possible. This diminishes inflammation 
about the primary tumor and to a corresponding degree reduces absorp- 
tion of the products of inflammation by the inguinal nodes. 

The importance of infection co-existing with metastases in lymph 
nodes cannot be overestimated. Such a condition is not amenable to 
external irradiation, and when interstitial irradiation is employed and 
emanation tubes are buried in the nodules, a discharging sinus often 
follows. The result is a rapid spread of the disease. 

Owing to the fact that the majority of the patients who present 
themselves show regional adenopathy, and because it is difficult to 
differentiate between inflammatory and cancerous nodes, the groins of 
all patients are treated as a routine with high voltage roentgen rays, 
employing exposures of 320 milliampere minutes, a focal distance of 
50 cm., a spark gap of 90 mm., filtration of 0.5 mm. of copper and 1 mm. 
of aluminum and 200 kilovolts. 


Group 1.—If the primary lesion is 2 cm. or less in diameter, super- 
ficial, and metastases cannot be detected, external irradiation alone is 
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used. The tumor is treated with a radium plaque,’ the dose being 1,200 
millicurie hours per square centimeter, at 1 cm. distance. 

There were thirteen patients in this group. Twelve, or 92 per cent, 
are living, without signs of disease. One patient died at another hospital 
‘ollowing an operation. One of these men lived from twelve to eighteen 
nonths ; three from eighteen to twenty-four months; one, from two to 

iree years ; two, from three to four years ; two, from four to five years; 
vo, from seven to eight years and one, for nine years four months 
‘ter the first irradiation. 











Occasionally, the carcinoma, though small, has penetrated deeply into 
» cavernous tissues. Frequently, undermining has gone so far that 

deeper parts of the tumor are relatively inaccessible to intense 
ternal irradiation. In such cases irradiation with the plaque is fol- 
ved by a conservative amputation.? Four patients were so treated. 
il of them are living and well; one, from two to three years; two, from 
ur to five years and one, from six to seven years after the first 
adiation. 








Group 2.—If the primary tumor is larger than 2 cm. in diameter and 
etastases are not found, the treatment of choice is usually irradiation, 
th the plaque followed in from three to four weeks by a conservative 
iputation. On those patients who present extensive tumors which 
ve already destroyed a considerable proportion of the penis, a similar 
iputation is performed without preoperative irradiation. 







In this group there were thirty-one patients. Nineteen, or 61 per 
nt, are living and well; five, or 16 per cent, are known to be dead, 
hile seven, or 22 per cent, are lost from the records and are classified 
; dead. The living have survived: one, from eighteen to twenty-four 

nonths; four, from two to three years; two, from three to four years; 

uur, from four to five years; three; from five to six years; four, from 
seven to eight years and one, from eight to nine years after the first 
irradiation, 












Group 3.—Eighteen patients were first seen with both a primary 
lesion and metastases. Three, or 16 per cent, are living, two with signs 
of disease ; fifteen, or 82 per cent, are dead. 

















1. The plaque is a box 1 cm. square which contains radium emanation enclosed 
in silver capsules, the walls of which are 0.5 mm. thick. The side of the box which 
overlies the tumor is made of brass, 1 mm. in thickness. 






2. Conservative operation is believed to be a distinct advance in rational 
therapy. Amputation is performed 2 cm. proximal to visible or palpable evidence 
of disease. The success of the measure depends on. the knowledge that metastasis 
is by embolism. It is not at all uncommon to preserve so much of the organ that 
coitus is possible. 
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When there are definite inguinal metastases, the patient receives a 
high voltage roentgen ray exposure of 320 milliampere minutes at a 
distance of 50 cm., filtered through 0.5 mm. of copper and 1 mm. of 
aluminum combined with a radium pack exposure of 9,000 millicurie 
hours at 6 cm. distance filtered through 0.5 mm. of silver and 1 mm. of 
brass. At the end of from three to four weeks a block dissection may be 
performed, or if a reasonable amount of regression is noted it may be 
decided to carry on with irradiation only. In those patients whose 
general powers of resistance have been seriously depleted by age, dis- 
ease, or both, no inguinal dissections are performed. ‘The palliative 
effect of irradiation is satisfactory in these cases, and it is accomplished 
without discomfort or shock. 

Group 4.—Nine patients were referred for postoperative irradiation. 
Of these, two were considered free from disease at the first examination. 
They are alive and well six years, ten months and eight years, respec- 
tively, after the first treatment. The remaining seven men had metas- 
tases. However, two are still alive, three years and five months and 
nine years,*® respectively, after the first irradiation. 


COM MENT 


1. When a large portion of the penis is involved, even if the tumor is 
superficial, irradiation alone is not recommended though probably it 


could control the disease. A conservative operation is thought prefer- 
able (1) because it removes but little more of the organ than has already 
been destroyed by disease; (2) a large irradiated surface is unduly 
painful; (3) even should the remains of the penis be salvaged, the result 
probably would be a misshapen organ of but slight utility. 

2. When there has been an extensive primary tumor and metastases, 
it has been impossible to provide more than palliation. If the general 
condition of the patient seemed to permit, the customary procedure was 
followed and amputation of the penis was performed, together with a 
radical dissection of the groins, bilateral if indicated. This was preceded 
by irradiation. The results were unsatisfactory. The disease seldom 
was eradicated and infection of the wound was frequent. 

A majority of the patients in this group did not appear able to 
survive such operative treatment and were given irradiation. The effects 
illustrate how inadequate the present methods of irradiation therapy are 
in combating disseminated squamous carcinoma in the presence of sec- 
ondary infection. 

In studying the end-results in these cases and in those of others, it 
seemed that some method should be adopted whereby operative shock 


3. For greater value in estimating end-results, only those patients who have 
been under observation for a year or more are included in this study. 
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might be lessened and postoperative infection decreased. Therefore, 
at the Memorial Hospital the management of these advanced cases was 
recently undertaken as follows: With the patient under spinal anes- 
thesia with a preliminary injection of ephedrine, the penis is amputated. 
|:very precaution is exercised to obtain prompt healing by primary union. 
[his operation is attended by hardly any shock. As a result of the 
emoval of the source of infection there is an end to lymphatic absorp- 
ion, and inflammation in the regional nodes subsides. Relieved of the 
nfected and frequently painful tumor, the general health of the patient 
isually can be built up. Evidence of adenopathy decreases and irradia- 
on is more likely to prove effective. Later, when block dissection of the 
roins is performed, no time is consumed in amputating the penis, and 
ie frequency of postoperative suppuration may be diminished. 


CONCLUSIONS 


1. The results obtained with the use of radium applications alone 

ive been highly satisfactory in those cases of epithelioma of the penis 

which the tumor was 2 cm. or less in diameter and reasonably 
iperficial. 

2. With the more extensive tumors, surgical measures are necessary, 
id irradiation is a useful adjunct. 

3. Radical extirpation of the penis in every case of epithelioma is 
nnecessary. A conservative amputation effectively removes the disease 
nd frequently preserves function. 

4. Secondary infection of the regional lymph nodes, which occurs 
egularly in the presence of a sloughing penile tumor, is a grave com- 
lication to either surgical or irradiation therapy. 

5. Present methods of irradiation are inadequate to check the 
ietastases of squamous carcinoma in the presence of secondary 

infection. 


30 East 40th Street, New York. 
































“DE L’AUSCULTATION MEDIATE” OF LAENNEC* 
HENRY R. VIETS 


A study of the various editions of Laennec’s “De |’Auscultation 
Médiate,” as published in France, England, Germany, America, Belgium 
and Italy, within a relatively short time after the initial appearance of 
the book in 1819, gives one a clear idea of the importance of Laennec’s 
work in the eyes of his contemporaries. The demand for the volume 
must have been great, for, although the size of the editions is not 
known, nineteen distinct printings have been traced in the period of 
twenty years, from 1819 to 1839. Seven of these were in French, 
eight in English, three in German and one in Italian. Another English 
edition appeared in 1846, making twenty well known early issues. Since 
the latter date, a number of reprints and extracts of the book have 
appeared, such as the splendid translation of selected passages by Sir 
William Hale-White, London, 1923, and the French reprint in 1879, 
of the entire second edition of 1826. 

All the editions, with the exception of the 1837 Bruxelles edition, 
are found in the excellent collection of Dr. Henry Barton Jacobs of 
Baltimore. No one public library in America seems to have the com- 
plete list, the nearest to it being the collection in the Library of the 
Surgeon General’s Office at Washington. A rare association copy is 
owned by Dr. John Farquhar Fulton, the title page of which is repro- 
duced. This book apparently was once Laennec’s personal copy, later 
given by him to his uncle, who was so kind to him during his early life. 

Editions in French.—All the four important French editions are well 
known and are found in most of the larger American libraries. They 
were first published in Paris in 1819, 1826, 1831 and 1837. In the 
second edition, the title was slightly changed and the cantents were 
entirely rearranged. Laennec, in the first edition, described the steth- 
oscope and showed how it might be applied in the auscultation of the 
chest, but did not lay special stress on its value as an instrument of 
differential diagnosis. In the second edition, however, he took up the 
various diseases in order and showed what might be found, in addition 
to the results of the clinical examination, by the use of his stethoscope. 
Thus, by altering his point of view, he greatly increased the value 
of his work. The third edition (1831) appeared in three volumes 
instead of two, various notes having been added by his nephew, Mériadec 
Laennec. The fourth edition was also in three volumes, and, in addition 
to Mériadec Laennec’s notes, there were notes by Professor Andral. 
All issues came from the publishing house of J.-S. Chaudé, the first 
edition only being issued with J.-A. Brosson. 

Three editions in French were published at Brussels, the first in 
1828. In addition to Dr. Jacoh’s copy, there is one in the Library 
of the Surgeon General’s Office at Washington. This edition was 


* Read in part, at the meeting of the Boston Medical History Club, May 10, 
1926, and published in the Boston Medical and Surgical Journal 195:208, 1926. 
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reissued in 1834, with a new title page, the Avertissement (pp. i-iv) 
by Mériadec Laennec and a supplement of sixty pages containing his 
notes taken from the third French edition of 1831. In the Osler 
library copy, examined by Dr. W. W. Francis, the librarian, two 1828 
‘itle pages are pasted (with printed side concealed) inside the 1834 
aper covers. 

The third edition, published in French at Brussels, 1837, is “an 
‘xact reprint of Andral’s fourth French edition with all the ‘Notes’ 
f that edition including those of Mériadec Laennec and of Andral. 
| place of the original three volumes of Andral, this edition is reduced 

one volume by increasing the size of the page to 914 by 6% inches 

d using smaller type. This allows the 1,956 pages of the French 
lition to be reduced to 514 in the Brussels edition. The book has been 

ry carefully edited, as in the “Table of Contents,’ which appears at the 
id, the various headings are paginated exactly to fit the volume. The 

ites are beautifully reproduced, even more artistically than in the 
ndral edition, where they seem to be woodcuts, and here they look 
imost like mezzotints” (Jacobs). It was printed at the Imprimerie 
ambart de Courval. A copy is owned by Dr. Lawrason Brown, 

ranac Lake, N. Y. 

Editions in English—The first English edition appeared in 1821, 
vo years after the first French edition. It was a one volume work, 

inslated by John Forbes,’ who rearranged the contents completely. 
orbes probably used the second French edition, which had appeared 
e year before, in compiling his second English edition (1827). To 
is edition he added notes and a sketch of the author’s life. The third 
‘nglish edition, two years later (1829), differs only slightly from the 

second English edition, there being no intervening Freach edition. 
orbes used the third French edition of 1831 as a basis for another 
[nglish edition, the fourth, in 1834. The last French edition (1837) 
vas not translated, as a fifth edition, until 1846. Forbes was replaced 
by a new translator, whose name is not known. 

The 1838 English “edition,” noted in the article on Sir John Forbes 
in the “Dictionary of National Biography,” cannot be found. Although 
Forbes may have prepared the notes, it does not seem likely that it was 
ever printed. 

The first American edition, published in Philadelphia by James 
Webster in 1823, is a reprint of the first English edition (1821). There 


1. Sir John Forbes (1787-1861) apparently saw the value of Laennec’s work 
when many physicians treated it with contempt. He also translated, three years 
later (1824), Auenbrugger’s important work on “Percussion,” first published in 
1761, which had long remained unknown to English physicians. Attention had been 
called to its importance in France by Corvisart (1808). Thus, it took over sixty 
years for Auenbrugger’s “Inventum Novum” to reach the great majority of English 
physicians, while, on the other hand, Laennec’s “De 1l’Auscultation Médiate” was 
translated into English two years after its first appearance in Paris. 
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apparently was no American edition to correspond with the second 
English edition in 1827. Was it possible that the demand in America 
for this extraordinary work was not so great as it was in England, or 
did the wise Philadelphian publisher issue a large enough first edition 
in 1823 to cover the demand of the sparsely populated country? At all 
events, a new publisher, Samuel Wood and Sons, New York, brought 
out the second American edition in 1830, which corresponds with the 
third English edition of 1829. The third American edition, in 1835, was 
a reprint of the fourth English (1834) edition. In 1838, the fourth 
American edition was issued, which was translated from the third and 
fourth French editions. 


Editions in German.—A German edition was published at Wiemar 
in 1822, a translation of the first French edition. Another appeared 
ten years later, translated from the French by Meissner and published 
in Leipzig. The third edition, in 1839, is a cheaper reprint, by the same 
publisher, of the 1832 issue. All these editions are rare in America; 
all three are in the Jacob’s Library; the first, only, is in the Library of 
the Surgeon General’s Office. 


Edition in Italian.—The Italian edition, published from 1833 to 1836, 
one volume each year, was a translation of the third (1831) French 
edition, with the notes by Mériadec Laennec. 


EDITIONS IN FRENCH 
(a) Published in Paris. 
I. 2v. 8. 1819. 

Title: De l’auscultation médiate ou traité du diagnostic des maladies des 
poumons et du coeur, fondé principlement sur ce nouveau moyen 
d’exploration. Par R. T. H. Laennec, D. M. P., Médecin de 1’Hopital 
Necker, Médecin honoraire des Dispensaires, Membre de la Société de 
la Faculté de Médecine de Paris et de plusieurs autres sociétés 
nationales et étrangéres. A Paris, Chez J.-A. Brosson et J.-S. Chaudé, 
Libraires, rue Pierre-Sarrazin, no. 9. 1819. 

Collation: I, [a]* a*° b-c® 1-28* 29*#*; 256 leaves. 

II, [a]* 1-29° 30*; 244 leaves. 

Contents: I, [a]3a title; [a]3b De Imprimerie de Feugueray, rue du 
Cloitre Saint-Benoit, No. 4; ax la-ax 2b (pp[vii]-x) Facultatis Medicae 
Parisiensis Professoribus S ; ax3a-a*4b (pp[xi]-xiv) Institut de France. 
Academie Royale des Sciences; a*5a-c3b (pp[xv]xxxviii) Préface; 
c4a-c8b (pp[xxxix]-xlviii) Table Analytique du Premier Volume; 
1,1a-29,4b (pp[1]-456) De l’Auscultation Médiate; *la-*4b (not num- 
bered) E-rplication des Planches; 4pl. (i-iv). 

II, [a]2a title; [a]2b De Imprimerie de Feugueray, rue du Cloitre 
Saint-Benoit, No. 4.; [a]3a-[a]8b (pp[v]-xvi) Table Analytique du 
Second Volume; 1,la-28,7a (pp[1]-445) De l’Auscultation Médiate; 
28,7b-30,4b (pp[446]-472) Tables des Matiéres par Ordre Alpha- 
bétique. 

Illustrations: There are four plates, inserted in the first volume, follow- 
ing page 456 or at the end. The first has 8 figures, the second 4, the 
third 6 and the last 2. 
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LAUSCULTATION 


MEDIATE 


ou 


TRAITE DU DIAGNOSTIC DES MALADIES 


DES POUMONS ET DU COEUR, 


FONDE PRINCIPALEMENT SUR CE NOUVEAU 
MOYEN D’EXPLORATION. 


Par R. T. H. LAENNEC, 


D. M. P., Médecin de l'Hépital Necker, Médecin honoraire 
des Dispensaires, Membre de la Société de la Faculté de 
Médecine de Paris et de plusieurs autres sociétés nationalcs 
et élrangéres. 
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II. 2v. 8. 1826. 

Title: Traité de l’auscultation médiate et des maladies des poumons et du 
coeur, par R.-T.-H. Laennec, Médecin de S. A. R. Madame duchesse 
de Berry, Lecteur et Professeur royal en Médecine au Collége de 
France, Professeur de Clinique a la Faculté de Médecine de Paris, 
Membre de Il’Académie royale de Médecine, des Sociétés de Médecine 
de Stockholm, Bonn, Liége, et de plusieurs autres Sociétés savantes 
nationales et étrangéres, Chevalier de l’ordre royal de la Légion- 
d’Honneur, etc. Seconde Edition Entiérement Refondue. Paris, 
J.-S. Chaudé, Libraire-Editeur, Rue de la Harpe, No. 56. 1826. 

Collation: I, [a*]*? [a]-b* 1-45° 46*; 382 leaves. 

II, [ax]? 1-49° 50°; 397 leaves. 

Contents: I, [a*] 2a title; [a]la-[a]2b (pp[v]-viii) Renat.-Theophil.- 
Hyacint.Laennec Carissimis Collegis Facultatis Medicae Parisiensis 
Professoribus, S.; [a]3a-b8b (pp[ix]-xxxvi) Préface; 1,la-45,8a 
(pp[1]-719) Le l’Auscultation Médiate; 45,8b (blank); 46,la-46,4b 
(pp[721]-728) E-xplication des Planches; 4 pl. (i-iv). 

II, [ax]2a title; 1, la-49, la (pp[1]-769) De PAuscultation M édiate ; 
49,1b-50,3b (pp[770]-790) Table Analytique et Alphabétique des 
Matiéres. 


Illustrations: The 4 plates were redrawn for the second edition and very 
much improved. The drawings of the stethoscope indicated that the 
model was changed between 1819 and 1826 (pl. I, fig. 2, 3, 4,5). In pl. 
III, two new figures (3 and 4) replace figures (3, 4, 5, 6). 

Also: reprinted. Ed. de la Fac. de Méd. de Paris. 

[iv], xxiv, 988, 2 pl. in text. 8. 


Paris: Asselin et Cie. 1879. 
3 v. 8. 1831. 

Title: Traité de l’auscultation médiate et des maladies des poumons et 
du coeur, par R.-T.-H. Laennec, Médecin de S. A. R. Madame duchesse 
de Berry. Professeur au Collége de France et a la Faculté de Médecine 
de Paris, Membre de l’Académie royale de Médecine, Chevalier de la 
Légion-d’Honneur, etc. Troisiéme Edition, Augmentée de Notes par 
Mériadec Laennec, D.-M.-P., ancien chef de Clinique de la Faculté de 
Médecine a l’hopital de la Charité, Médecin des Dispensaires, Associé 
correspondant de la Société académique de Nantes, etc. Paris, J.-S. 
Chaudé, Libraire-Editeur, Rue de la Harpe, No. 64. 1831. 

Collation: [iv], xxxii, 540; [iv] 551, [1]; [iv], 416, 4 pl. 

IV. 3v. 8. 1837. 

Title: Traité de l’auscultation médiate, et des maladies des poumons et 
du coeur, par R.-T.-H. Laennec, Médecin de S. A. R. Madame la 
duchesse de Berry, Professeur au Collége de France et a la Faculté 
de Médecine de Paris, Membre de 1l’Académie royale de Médecine, 
Chevalier de la Légion-d’Honneur, etc. Avec les Notes et Additions 
de M.M. Laennec, D. M. P., Ancien chef de Clinique a I’hdpital de la 
Charité, Associé.correspondant de la Société académique de Nantes, 
etc. Quatriéme Edition, Considérablement Augmentée par M. Andral, 
Professeur a la Faculté de Médecine de Paris, Membre de 1’Académile 
Royale de Médecine, Médecin de l’hopital de la Charité, Médecin Con- 
sultant du Roi, Chevalier de l’Ordre Royal de la Légion-d’Honneur, 
Membre de Plusieurs Sociétés et Académies Nationales et Etrangéres. 
Paris, J. S. Chaudé, Libraire-Editeur, Rue du Foin Saint-Jacques, 
No. 8. 1837. 

Collation: xxviii, 672; [iv], 704; [iv], 580, 2 pl. (A, B), 4 pl. (i-iv). 
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Pan R.-T.-H. LAENNEC, 


Médecin de S. A. R. Mapame duchesse de Beary , Lecteur et Professeur 
royal en Médecine au Collége de France , Professeur de Clinique a la 
Faculté de Médecine de Paris, Membre de |’Académie royale de 
Médecine, des Sociétés de Médecine de Stockholm , Boan , Liége, 

et de plusieurs autres Sociétés savantes nationales et étrangéres, 

Chevalier de l’ordre royal de la Légion-d’Hcnneur , ete. 
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(b) Published in Belgium. 
I. 2 v. 8°. 1828 

Title: Traité de l’auscultation médiate et des maladies des poumons et du 
coeur, par R.-T.-H. Laennec, Médecin de S. A. R. Madame, duchesse 
de Berry, Lecteur et Professeur royal en Médecine au Collége de 
France, Professeur de Clinique a la Faculté de Médecine de Paris, 
Membre de |’Académie royale de Médecine, des Sociétés de Médecine 
de Stockholm, Bonn, Liége, et de plusieurs autres Sociétés savantes 
nationales et étrangéres, Chevalier de l’ordre royal de la Légion- d’Hon- 
neur, etc. Nouvelle Edition, publiée par les soins du Docteur C. J. B. 
Comet. Et augmentée d’une notice historique sur Laennec, rédigée par 
Mr. Bayle, Bibliothécaire de la Faculté de Médecine de Paris. Avec 
Dix-Huit Figures Gravées. Bruxelles, 4 la Librairie Médicale et 
Scientifique, Rue Royale-Neuve, Prés le Boulevart. 1828. 

Collation: I, [a*]’ a® b* c® 1-29 [«]*; 133 leaves. 

II, [a*]* 30-59* 60° 61* 62-83* 84°; 216 leaves. 

Contents: I, [a*]2a title; ala-a2b (pp[v]-viii) Renat.-Theophile.-H yacint. 
Laennec Carissimis Collegis Facultatis Medicae Parisiensis Profes- 
soribus, S.; a3a-blb (pp[ix]xxii) Préface; b2a-c2b (pp[xxiii]-xxxii) 
Notice sur la Vie et les Travaux de Laennec; 1,la-29,4b (pp[1]-232) 
De l Auscultation M édiate; [*]la-[*]1b (not numbered) E-xplication 
des Planches; 2 pl. (1, 2). 

II, [a*] la title; 30,la-82,3b (pp 233-646) De lAuscultation 
Médiate; 82,4a-84,la (pp[647]-657) Table Analytique et Alpha- 
bétique des Matiéres; 84,2a-84,3a (not numbered) Evxplication des 
Planches; 84,3b (blank; 5 pl. (3-7). 

IT. 8°. 1834. 

Title: Traité de l’auscultation médiate et des maladies des poumons et du 
coeur, par Feu R.-T.-H. Laennec, Professeur en Médecine au Collége 
de France, Professeur de Clinique a la Faculté de Médecine de Paris, 
Membre de l’Académie royale de Médecine, des Sociétés de Médecine 
de Stockholm, Bonn, Liége, et de plusieurs autres Sociétés savantes 
nationales et étrangéres, Chevalier de l’ordre royal de la Légion- 
d’Honneur, etc. Nouvelle Edition, Augmentée de Notes et Additions, 
par le Docteur Mériadec Laennec, et d’une notice historique sur 
Laennec, rédigée par M. Bayle, Bibliothécaire de la Faculté de Méde- 
cine de Paris. Avec Dix-Huit Figures Gravées. Bruxelles. a la 
Librairie Médicale de J.-B. Tircher, Rue de l’Etuve, No. 20. 1834. 

Collation: [iv], xxxii, 657, [1], 60, [2], 2 pl. (1-2), [4], 5 pl. (3-7). 

III. 8°. 1837. 

Title: Traité de l’auscultation médiate, et des maladies des poumons et du 
coeur, par R.-T.-H. Laénnec, Médecin de S. A. R. Madame la Duchesse 
de Berry, Professeur au Collége de France et a la Faculté de Médecine 
de Paris, Membre de l’Académie Royale de Médecine, Chevalier de la 
Légion-d’Honneur, etc. Avec les Notes et Additions de M.M. Laennec, 
D. M. P., Ancien Chef de Clinique a Il’Hopital de la Charité, Associé 
Correspondant de la Société Académique de Nantes, etc. Quatriéme 
Edition, Considérablement Augmentée par M. Andral, Professeur a la 
Faculté de Médecine de Paris, Membre de 1l’Académie Royale de 
Médecine, Médecin de l’H6pital de la Charité, Médecin Consultant du 
Roi, Chevalier de l’Ordre Royal de la Légion-d’Honneur, Membre de 
Plusieurs Sociétés et Académies Nationales et Etrangéres. Bruxelles, 


Société Typographique Belge, Adolphe Wahlen et Compagnie. 1837. 
Collation: xiv, 514, 2 pl., 4 pl. 





VIETS—“DE L’AUSCULTATION MEDIATE” 
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MEDIATE 


ET DES MALADIES 


DES POUMONS ET DU COEUR, 
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EDITIONS IN ENGLISH 


(a) Published in England. 


I. 


Ill. 


8°. 1821. 

Title: A treatise on the diseases of the chest, in which they are described 
according to their anatomical characters, and their diagnosis established 
on a new principle by means of acoustick instruments. With Plates. 
Translated from the French of R. T. H. Laennec, M. D., with a 
Preface and Notes by John Forbes, M. D., Physician to the Penzance 
Dispensary, Secretary of the Royal Geological Society of Cornwall, 
&c., &c. London: Printed for T. and G. Underwood, 32 Fleet Street, 
1821. 

Collation: [a*]* a-d* B-1* K-U* X-11* KK-UU* XX-31* 3K*; 238 leaves. 

Contents: [a*] 2a title; [a*] 2b Printed by T. Vigurs, Penzance; [a*]3a 
To Matthew Baillie, M.D., F.R.S., etc.; ala-c3b (pp[vii]-xxviii) Trans- 
lator’s Preface; c4a-d3a (pp[xxix)-xxxv) Author’s Preface; d3b 
(blank) ; d4a-d4b (pp[xxxvii]-xxxviii) Table of Contents; Bla-3G4b 
(pp[1]-416) Treatise; 3H1la-314b (pp[417]-432) Notes by the Trans- 
lator; 3K1la-3K3a (pp[433]-437) Explanation of the Plates; 3K3b 
(Advertisement) ; 8 pl. (i-viii). 

Notes: Another copy of this edition varies from the above description as 
follows : 


Collation: [ax*]* a-d* e® B-1* K-U* X-1l‘ KK-UU* XX-31* 3K‘; 241 
leaves. 


Contents: d4a-elb (pp[xxxvii]-xl) Table of Contents; e2a (not num- 


bered) Errata; e2b (blank) 3K4a (not numbered) Part First. 
Pathology; 3K4b (blank). 
8°. 1827. 
Title: A treatise on the diseases of the chest and on mediate auscultation, 
by R. T. H. Laennec, M.D. Regius Professor of Medicine in the 
College of France, Clinical Professor to the Faculty of Medicine of 
Paris, Physician to Her Royal Highness the Duchess of Berri, &c., 
&c., &c. Second Edition, Greatly Enlarged: Translated from the 
French with Notes and a Sketch of the Author’s Life, by John Forbes, 
M.D., Member of the Royal College of Physicians, and Senior Physi- 
cian to the Chichester Infirmary. With Plates. London: T. and G. 
Underwood, Fleet Street. MDCCCXXVII. 
Collation: 2,1 pl., 26 ([iii]-xxviii), 712, 8 pl. (i-viii), 10 ({713]-722). 


8°. 1829. 
Title: A treatise on the diseases of the chest and on mediate auscultation. 
By R. T. H. Laennec, M.D. Regius Professor of Medicine in the Col- 
lege of France, Clinical Professor to the Faculty of Medicine of Paris, 
Physician to Her Royal Highness the Duchess of Berri, &c., &c., &c. 
Translated from the Latest French Edition, with Notes and a Sketch of 
the Author’s Life, by John Forbes, M.D., Member of the Royal 
College of Physicians, and Senior Physician to the Chichester 
Infirmary. With Plates. Third Edition Revised, with Additional 
Notes. London: Printed for Thomas & George Underwood, Fleet 
Street. MDCCCXXIX. 


Collation: xxviii, 724, 8 pl. (i-viii), 12 ([725]-736). 





VIETS—“DE L’AUSCULTATION MEDIATE” 
A 


TREATISE 


ON THE 


DISEASES OF THE CHEST, 


IN WHICH THEY ARE DESCRIBED 
ACCORDING TO THEIR 


ANATOMICAL CHARACTERS, 


AND THEIR 


DIAGNOSIS 


ESTABLISHED ON A NEW PRINCIPLE 
BY MEANS OF 


ACOUSTICK INSTRUMENTS. 
Ath BPlates. 


ne © OE Oe 
TRANSLATED FROM THE FRENCH OF 
R. T. H. LAENNEC, M. D. 


WITH 
A PREFACE AND NOTES 


BY JOHN FORBES, M. D. 


PHYSICIAN TO THE PENZANCE DISPENSARY, SECRETARY OF THE 
ROYAL GEOLOGICAL SOCIETY OF CORNWALL, &c. &c, 


OH Rig FC 


onyon ; 


PRINTED FOR T. AND G. UNDERWOOD, 
32, FLEET STREET. 


1821. 








ARCHIVES OF SURGERY 


IV. 8. 1834. 

Title: A treatise on the diseases of the chest and on mediate auscultation, 
by R. T. H. Laennec, M.D. Regius Professor of Medicine in the 
College of France, Clinical Professor to the Faculty of Medicine of 
Paris, &c., &c., &c. Translated from the Latest French Edition, with 
Copious Notes and a Sketch of the Author’s Life, by John Forbes, 
M.D., F.R.S. Member of the Royal College of Physicians, Physician 
to the Chichester Infirmary, and Physician in Ordinary to His Royal 
Highness the Duke of Cambridge. Fourth Edition, Considerably 
Enlarged and Improved, with Many Additional Notes and an Extensive 
Bibliography of the Different Diseases. With Plates. London: 
Longman, Rees, Orme, Brown, Green and Longman; Whittaker and 
Co.; Simpkin and Marshall; J. Chidley; E. Portwine; and Henry 
Renshaw. 1834. 

Collation: xliv, 2 pl. (i-ii), 676. 

V. 


8°. 1846. 


Title: <A treatise on mediate auscultation, and on diseases of the lungs 


and heart. By R. T. H. Laennec, Professor to the College of France, 
and to the Faculty of Medicine of Paris, etc., etc. With the Notes and 
Additions of M. Mer. Laennec, D.M.P., and of M. Andral, Profes 
sor to the Faculty of Medicine of Paris, Consulting Physician to the 
King, etc. Translated from the Latest Edition by a Member of the 
College of Physicians. Edited by Theophilus Herbert, M.D. With 
Practical Notes condensed from the Lectures of F. H. Ramadge, M.D., 
Oxon. Fellow of the Royal College of Physicians, Senior Physician 
to the Infirmary for Asthma, Consumption, and other Diseases of the 
Lungs, etc., etc. With Plates. London: H. Bailliere, 219 Regent 


Street. Paris: J. B. Bailliere, Libraire de l’Académie de Médecine. 
1846. 


Collation: 2, 1 pl., xxxi, 1, 862, 6 pl. (i-vi). 
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(b) Published in America. 


; 8°. 1823. 

Title: A treatise on the diseases of the chest, in which they are described 
according to their anatomical characters, and their diagnosis established 
on a new principle by means of acoustick instruments. With Plates. 
Translated from the French of R. T. H. Laennec, M.D. With a 
Preface and Notes, by John Forbes, M.D. Physician to the Penzance 
Dispensary, Secretary of the Royal Geological Society of Cornwall, 
&c., &c. First American Edition. Philadelphia: James Webster, 24 
S. Eighth Street. William Brown, Printer. 1823. 

Collation: [a]* 1-40°; 164 leaves. 

Contents: [alla title; [a]2a To Matthew Baillie, M.D., F.R.S., etc.; 
[a]3a-[a]4b (pp[v]-viii) Table of Contents; 1,la-3,4a (pp[1]-23) 
Translator’s Preface; 3,4b (blank); 4,la-4,4b (pp[25]-32) Author’s 
Preface; 5,la-38,2a (pp[33]-299) Treatise; 38,2b (blank); 38,3a-40, 
lb (pp[301]-314 Notes by the Translator; 40,2a-40,4a (pp[315]-319). 
Explanation of the Plates; 40,4b (blank) ; 8 pl. (i-viii). 

8°. 1830. 

Title: A treatise on the diseases of the chest and on mediate auscultation. 
By R. T. H. Laennec, M.D. Regius Professor of Medicine in the 
College of France, Clinical Professor to the Faculty of Medicine of 
Paris, Physician to Her Royal Highness the Duchess of Berri, &c., 
&c., &c. Translated from the Latest French Edition, with Notes and a 
Sketch of the Author’s Life, by John Forbes, M.D. Member of the 
Royal College of Physicians, and Senior Physician to the Chichester 
Infirmary. With Plates. From the Third Revised London Edition, 
with Additional Notes. New York: Published by Samuel Wood & 
Sons, and Collins & Hannay. Philadelphia—John Grigg, and G. 
Auner. R. & G. S. Wood, Printers. 1830. 

Collation: xxviii, 736, 8 pl. (i-viii). 


III. 8°. 1835. 
Title: A treatise on the diseases of the chest and on mediate auscultation, 
by R. T. H. Laennec, M.D. Regius Professor of Medicine in the 
College of France, Clinical Professor to the Faculty of Medicine of 
Paris, &c., &c., &c. Translated from the Latest French Edition, with 
Copious Notes and a Sketch of the Author’s Life, by John Forbes, 
M.D., F.R.S. Member of the Royal College of Physicians, Physician 
to the Chichester Infirmary, and Physician in Ordinary to His Royal 
Highness the Duke of Cambridge. From the Fourth London Edition, 
Considerably Enlarged and Improved, with Many Additional Notes 
and an Extensive Bibliography of the Different Diseases. With Plates. 


Philadelphia: Desilver, Thomas & Co. New York:—Samuel Wood 
& Sons. 1835. 


Collation: 1 pl. (2), xliv, 672, 1 pl. (1), 4 ({673]-675, [1]). 
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8. 1838. 

Title: A treatise on the diseases of the chest, and on mediate auscultation, 
by R. T. H. Laennec, M.D. Regius Professor of Medicine in the 
College of France, Clinical Professor to the Faculty of Medicine of 
Paris, &c., &c., &c. Translated from the Third French Edition, witl 
Copious Notes, a Sketch of the Author’s Life, and an Extensive 
Bibliography of the Different Diseases, by John Forbes, M.D., F.R.S 
Member of the Royal College of Physicians, Physician to the Chichester 
Infirmary, and Physician in Ordinary to His Royal Highness the Duke 
of Cambridge. To which are Added the Notes of Professor Andral, 
Contained in the Fourth and Latest French Edition, Translated and 
Accompanied with Observations on Cerebral Auscultation, by John D 
Fisher, M.D. Fellow of the Massachusetts Medical Society. With 
Plates. New York: Samuel S. and William Wood, 261 Pearl Street. 
Philadelphia :—Thomas, Cowperthwaite and Co., 253, Market Street 
1838. 

Collation: 1 pl. (2), xlviii, 782, 1 pl. (1), 2 ([783]-784). 

Note: Plate 2 may be at end of volume and the type used for the title- 
page may vary with different issues of this edition. 
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EDITIONS IN GERMAN 
8°. 1822. 
Title: Die mittelbare Auskultation, (das Horen mittelst des Stetthoscops ) 
oder Abhandlung tiber die Diagnostik der Krankeiten der Lunge und 
des Herzens, auf das neue Erforschungsmittel gegriindet. Von R. T. 
H. Laennec, der Heilkunde Doctor, Arzt am Neckerhospitale zu Paris 
u. s. w. Nach dem Franzésischen im Auszuge bearbeitet. Mit 4 
Tafeln Abbildungen. Weimar, im Verlage des Gr. H. S. pr. Landes- 
Industrie-Comptoirs. 1822. 
Collation: 2, 12[i]-xii), 4([iii]-vi), 618, 4 pl. (1-4). 
2v. 8. 1832. 
Title: Abhandlung von den Krankheiten der Lungen und des Herzens und 
der mittelbaren Auscultation als eines Mittels zu ihrer Erkenntniss. 
Aus dem Franzésischen iibersetzt von Friedrich Ludwig Meissner 
Doctor der Medicine, Chirurgie und Geburtshilfe; akademischem 
Privat-docenten, mehrerer gelehrten Gesellschaften ordentlichem und 
Ehrenmitgliede. Leipzig, bei August Lehnhold. 1832. 
Collation: xxviii, 564; [2], 626, 4 pl. (i-iv). 
2v. 8. 1839. 
Title: Abhandlung von den Krankheiten der Lungen und des Herzens und 
der mittelbaren Auscultation als eines Mittels zu ihrer Erkenntniss. 
Aus dem Franzésischen tibersetzt von Friedr. Ludw. Meissner, Dr. der 
Med., Chirurgie und Geburtshilfe &c. in Leipzig. Wohlfeile Gesamm- 
tausgabe. Leipzig, Verlag der Lehnhold’schen Buchhandlung. 1839. 
Collation: xxviii, 564; [2], 626, 4 pl. (i, ii, iv, iii). 
Note: A line for line reprint of the German 1832 edition. 
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EDITION IN ITALIAN 
4v. 8°. 1833-6. 


Title: Trattato della ascoltazione mediata e delle malattie dei polmoni e 
del cuore del Sig. R. T. H. Laennec Medico di S. A. R. la Duchessa di 
Berry, Professore al Collegio di Francia ed alla Facolta di Medicina di 
Parigi, membro dell’ accademia Reale di Medicina, Cavalier della legion 
d’onore ec. Traduzione fatta sulla terza edizione di Parigi del 1831, 
con note del Sig. Meriadec Laennec Dal Sig. D. Angiolo Modigliani. 
Livorno Bertani, Antonelli E. C. 1833. 


Collation: 6, xxiv, 412, 4 pl. (1-4) ; 414, 2, 2 pl. (v-vi) ; 362, 4 pl. (vii-x) ; 
302. 


Notes: Plates vii-viii should be in volume 2. In one set examined plates 
v-vi were at the beginning of volume 2 and plates vii-viii at the end. 
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DERMOID CYSTS OF THE OVARY 


ROENTGEN OBSERVATIONS 
RAMSAY SPILLMAN 


That dermoid cysts of the ovary frequently contain bone and teeth 
has been known to many generations of physicians. That this property 
can sometimes be turned to account in the diagnosis of these cysts has 
received comparatively little emphasis in medical literature, and it is 
for this reason that the following case is presented, together with a 
review of the scanty bibliography : 


REPORT OF CASE 


A woman, in the fourth decade of life, recently married, consulted Dr. E. W. 
Pinkham in January, 1925, on account of having become conscious of a mass in the 
abdomen. The menstrual and other aspects of the history were not in keeping 
with the condition being pregnancy, and the diagnosis of a cyst of the ovary was 
made. The patient came to me for a roentgen examination, to see whether any 
further light could be thrown on the condition. A roentgenogram of the abdomen 
and pelvis showed no evidence of a fetal skeleton. Certain shadows overlying the 
left side of the sacrum were noted on the film, but their nature was not recognized 
until after the operation. Dr. Pinkham did not see the film before the operation, 
so the failure to interpret these shadows is not his. He removed the cyst in 
February, and the patient made a prompt and uneventful recovery and has been 
in the best of health since. She has not borne any children. 

As can be visualized from the two illustrations, the position of the shadow 
confirms the finding that the cyst extended almost to the level of the umbilicus; it 
was about 18 cm. in diameter. The cyst was removed intact, and when it was 
opened for examination, the characteristic fatty fluid gushed out, together with a 
mass of long brown hair. With the walls collapsed, the bony structure could be 
made out by palpation. 


I requested that the cyst be given to me for roentgen examination, and the 
result is shown in figure 2. A well-developed tooth of the form of an upper cuspid 
can be seen, and lying obliquely over it is another tooth. The film clearly showed 
the root-canal of the cuspid tooth. The curving bone extending upward and to 
the reader’s right is a fair attempt at the formation of a maxillozygomatic region. 
A distinct suture line was found between the two parts of the bone. 

When the film of the extirpated cyst is compared with the film of the pelvis, the 
structure can be visualized. However, the slight blurring on the film of the pelvis 
prevented recognition of the denser part of the shadow as a tooth, and I believe 
that this blurring is due to the proximity of the cyst to the left hypogastric artery, 
which doubtless transmitted impulses to it during the five seconds of exposure. 
The distinctness of the other structures shown lends weight to this belief. 


The roentgenogram Of the collapsed cyst indicates that this method 
of examination should be of use as a means for the orientation of sec- 
tions from such a tumor. 
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The failure to recognize the dermoid characteristics of this cyst 
before operation fortunately in no way complicated either the operation 
or the outcome. The literature shows, however, that teeth in dermoid 
cysts have been mistaken for ureteral calculi, as will be shown fur- 
her on. 


The first roentgen report in the literature of dermoid cysts of the 
iry appears to be that of Wilms,’ who in 1900 published an illustra- 





a] 








Fig. 1—Shadows over left side of sacrum in dermoid cyst of ovary. 


tion of a roentgenogram of a cyst removed from a girl, aged 12 years, 
by Birch-Hirschfeld. This plate shows a cyst of approximately the 
size of the one reported here, but instead of a formed bony structure, 
there are numerous small dense structures, some of which appear to be 
teeth. In his brief description, Wilms called attention to the tendency 
of these growths to form structures of the mouth, i.e., teeth and 
maxillary bones. 

1. Wilms, M.: Verwertung der R6ntgenographie zum Studium der 
Geschwiilste, Beitr. z. Geburtsh. u. Gynak. 3:367, 1900. 
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In 1911, Pagenstecher * called attention in his textbook to the fact 
that “some tumors contain bone . . . in teratomas and fetal inclusions 
bone is found,” and stated that in such cases the roentgen examination 
is of aid. 

In 1913, Gosset * reported the case of a girl, aged 14 years, who for 
four years had had pains which were believed to be due to chronic 
appendicitis. Roentgen examination showed a small triangular shadow 








Fig. 2—Appearance of dermoid cyst of ovary after removal. 


in the region of the lower end of the right ureter. Ureteral catheteriza- 
tion was not done. It was decided to remove the appendix, and a cyst 
“the size of an orange” was found in the right ovary, and was removed. 
It measured 6 by 5 cm. The shadow of the supposed stone apparently 
was due to a tooth in the cyst. 


2. Pagenstecher: Die klinische Diagnostik der Bauchgeschwiilste, 1911, p. 63. 

3. Gosset: Kyste dermoide de l’ovaire droit avec production dentaires décelées 
a la radiographie et pouvant faire penser a un calcul de l’uretére droit, Bull. et 
mém. Soc. de chir. de Paris 31:709 (May) 1913. 








SPILLMAN—DERMOID CYSTS OF OVARY 1301 


In 1915, Josephson* reported a case in which the diagnosis of 
ovarian dermoid cyst was established beyond question before operation, 
by the demonstration of a tooth, in which the root canal could be dis- 
tinctly seen. The diagnosis of a dermoid cyst with a twisted pedicle 
was fully confirmed by operation. He said: “It is unusual that a 
diagnosis in a case such as the above mentioned can be made without 
doubt, but in a case like this where the differential diagnosis is important 
n indicating the operation, the x-ray findings are very valuable. How- 
ver, dermoid cysts are not generally visible on x-ray plates... . In 
the case described, the sharp picture of the tumor may be explained 
y the coagulation of blood in the tumor.”” The roentgen diagnosis was 
nade by Dr. Soderlund. 

Robert Knox ® in his textbook (1917) published a plate showing 

eth and bones in a dermoid cyst in situ, and said, “an interesting case 
' doubtful shadow in the line of the ureter is recorded by Thurstan 
lolland, where the only indication against the shadow being that of a 
reteral stone is its unusual direction in reltaion to the ureteral line. It 
as found at operation to be due to a tooth in a dermoid cyst.” 


In 1920, Sonntag ® published an account of a case in which a tooth- 
erm in a dermoid cyst was taken for a stone in the lower 
art of the right ureter. The examinaion was made without ureteral 
atheterization. The right ovary was composed of a tumor the size 


{ a child’s fist, and included a dermoid the size of a walnut, containing 
irown-red hair and two hard structures the size of peas. 


In 1922, Dunet * presented a case of interesting dermoid formation 
nvolving both ovaries, with irregular formation of teeth in each one, 
he structures in the two ovaries being symmetrical; there were seven- 
teen or eighteen teeth in either side. 

In the same year, Edeiken* reported a case in which a girl, aged 
17, had symptoms that led to provisional diagnosis of a stone in the right 
ureter, and the roentgen examination was made for that reason. A cyst 
showing a recognizable tooth was found in the left ovary. The cyst and 
a chronically inflamed appendix were removed at operation. In this 


4. Josephson, C. D.: The Roentgen Diagnosis of Ovarian Cysts with Twisted 
Pedicle, Hygiea 78:1056, 1915. 

5. Knox, Robert: Radiography and Radio-Therapeutics: Part I. Radiog- 
raphy, New York, The Macmillan Company, 1917, p. 380 and plate LX XVI. 

6. Sonntag, E.: Vortauschung eines Uretersteins im R6éntgenbild durch Zahn- 
keim in Ovarialdermoid, Fortschr. a. d. Geb. d. R6ntgenstrahlen 27:324, 1920. 

7. Dunet, C.: Radiographie des kystes dermoides dentiféres bilatéraux de 
lovaire, Lyon méd. 131:815, 1922. 


8. Edeiken, L.: Unsuspected Dermoid Cyst Diagnosed by Roentgen Exami- 
nation, Am. J. Roentgenol. 9:15 (Jan.) 1922. 
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case the wall of the cyst showed in the film; the cyst was about the 
size of an orange. This is the first case I have been able to find in 
American reports. 

In 1923, Pless® reported the case of a woman, aged 25. A film 
of the sacral region showed “a dense homogenous round shadow sur- 
rounded by another shadow ‘like a yolk in an egg’” projected over the 
caudal portion of the sacrum. Dr. Roth-Bratislava removed a dermoid 
cyst the size of a goose egg. It contained a piece of bone the size of a 
nut, with tooth formation, and surrounded by hair. In the discussion 
of this case, Altschul spoke of the confusion of these teeth with stones in 
the ureter. 

In 1923, Alexander *® reported a case in which the roentgenogram 
showed a shadow in line with the ureter, but on a second examination, 
the shadow was 1 cm. to the left of it. At both examinations a ureteral 
catheter was in the left ureter. The shadow was recognized as not due 
to stone in the ureter, and a round mass “the size of an apple” had been 
felt; hence, exploration was performed and the cyst was removed. Its 
content was purulent. A tooth was found in the cyst, which accounted 
for the shadow. Alexander quoted Albers-Schonberg as warning of 
the confusion between these two sources of shadows in the pelvis. 

In 1924, Brun, Cassute and Jaubert de Beaujeu *' reported a case 
in which many shadows were found in the pelvis plate, some of them 
resembling teeth and others irregular bony structure, but not until opera- 
tion was it recognized that the dermoid process involved both ovaries. 

The latest report I have found is that of Aimé,’* who in 1925 
described a case in which the diagnosis was established before operation. 
The patient was a woman of 37, who had albumin and pus in the 
urine. The shadow of the cyst was demonstrated, and a pseudocalculus 
was shown in it. The cyst involved the left ovary and was 8 bv 9 
cm. in size. After its removal, the urinary symptoms subsided. 


SUMMARY 


The occasional occurrence of bones and teeth in dermoid cysts of the 
ovary makes it possible to identify these structures before operation in 
many cases. The occurrence of these teeth in the line of the ureter, 


9. Pless: R6ntgenologisch diagnostizierte Dermoidzyste, Fortschr. a. d. Geb. 
d. Réntgenstrahlen 30:359 (Feb. 25) 1923. 

10. Alexander: Die Vortauschung eines Uretersteins durch den Zahn eines 
Ovarialdermoids, Ztschr. f. urol. Chir. 14:163, 1923. 

11. Brun; Cassute and Jaubert de Beaujeu: Kystes dermoides des deux 
ovaires—diagnostic radiographique, Rev. tunisienne d. sc. méd. 18:159, 1924. 

12. Aimé, P.: Le diagnostic radiologique des kystes dermoides de l’ovaire, 
J. de radiol. et d’électrol. 9:236, 1925; Kyste dermoide de l’ovaire, Bull. et mém. 
Soc. de radiol. méd. de Paris 12:170, 1924. 
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sometimes in cases in which the symptoms are urinary, makes it neces- 
sary for roentgenologists to be on guard not to be misled by the shadow 
of such a tooth taken for the shadow of a calculus. Ureteral catheteriza- 
tion is in order in the examination of female patients who have symptoms 
and roentgen manifestations of stone in the lower part of the ureter. 
When shadows are found in the roentgenogram of a pelvis of a woman 
and their nature is not evident, ossification in a dermoid cyst must be 
kept in mind. If routine roentgen examination were the rule in cases 
'f enlargement of the adnexa, no doubt many more dermoid cysts would 
be identified before operation. 

Finally, the roentgen examination of these cysts after removal is 
f interest and is of value to the pathologist. 
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TORSION OF THE UNDISEASED FALLOPIAN TUBE 
WILLIAM EDWIN GABE 


Priestley, quoted by Garrison, stated that much of the history of 
gynecology up to recent times has been a series of “crazes’—a fol- 
lowing of prevailing fashion. Before the days of gynecologic opera- 
tions, nearly a century and a half ago, uterine displacement held the 
interest of gynecologists under the leadership of Hewitt in England, 
Velpeau in France and Hodge in America. This period marked the 
invention of a bewildering armamentarium of pessaries of all sizes, 
shapes and types. Soon, however, the great pioneers in the field of 
operative gynecology began to report their achievements—Baynham 
of Virginia, King of South Carolina, the great McDowell of Virginia, 
Lizars of Edinburgh, Sir Spencer Wells of London, Nélaton of France, 
and James Marion Sims of our southland. The advent of ether 
anesthesia and the application of the principles of Lister gave great 
impetus to the practice of gynecologic operations. Intense interest in 
various gynecologic conditions followed one another rapidly—pelvic 
cellulitis, oophorectomy, excision of the uterus and of its adnexa, extra- 
uterine pregnancy and cesarean section—all had their period of popu- 
larity. Emmet headed the school of skilled plastic gynecologists. 
Among great names in American gynecologic teaching centers, those 
of Howard Kelly and Joseph Price were foremost. A large number of 
gynecologic operations were devised, there being, for example, a score 
for uterine suspension alone, differing one from the other frequently in 
only a minute detail of technic. Based on the experiences of many 
thousands of cases, certain fundamental and typical operative proce- 
dures and practices, proved by the test of time to be sensible and pro- 
ductive of good results, became generally accepted. Even from these 
paths of safety there have been digressions—an instance being the advo- 
cation recently on the part of several prominent surgeons of immediate 
operation in cases of acute salpingitis—a point settled it was supposed, 
once and for all, a generation ago. The recent use of radium and 
roentgen therapy has made some drastic therapeutic changes in the 
specialty. The present note in gynecology is sounded in the interest 
of organ conservation,’ and especially in the attempt to train men, who 
will approach the subject from the physiologic and biochemical aspect, 
to study their cases more carefully and who might be looked on as 
physiologists and endocrinologists who do gynecologic operations. 


The foregoing brilliant array of names makes it unnecessary to 
state that gynecologic pathology and surgical technic have undergone 


1. Graves, W. P.: Problems of Organ Conservation in Pelvic Surgery, Am. 
J. Obst. & Gynec. 12:217, 1926. 
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thorough study and elaboration under some extremely capable scientists. 
Physiologists, endocrinologists and biochemists have worked the field 
widely. The last decade, or more, however, has seen gynecology some- 
what deserted for interests in other directions. The central nervous 
system and the liver have claimed the attention of the physiologist, while 
he interests of the abdominal surgeon seem centered almost entirely in 
he upper abdominal quadrants. To those who still think along gyneco- 
logic lines, the publication in 1921 of an article by Smith and Butler,’ 
alling attention to twists in undiseased fallopian tubes of virgin young 
irls without demonstrable pathologic process that would explain the 
vist, was of greatest interest. 

This torsion of a “normal” fallopian tube with the subsequent 
eation of an acute abdominal condition seemed an excessively rare 
tuation by the number of case reports culled from existing literature. 
vith increasing publicity regarding the condition, however, each year 
is shown a few more cases reported. A sharp distinction is to be 
ade between torsions of the “normal” virginal tube, and the tube of 
e married woman. Here there is the possibility of infection and 
echanical derangements accompanying or following pregnancy. By 
e “normal“ fallopian tube is meant one in which, on careful patho- 
ic examination following removal after torsion, nothing is found 
it hemorrhagic infarcts that are due to the extravasation of blood 
rom the strangulation caused by the twist. Any history of an infec- 
ion or pelvic trouble in childhood or infancy—as a vulvovaginitis— 
vould bar the case from being considered because of the possibility of 
yme latent, dormant tubal condition. 

Cysts or tumors of ovaries with twist are common as causes of acute 
ibdominal conditions requiring surgical treatment. According to 
\lartin, 5 per cent of all ovarian tumors or cysts become thus strangu- 
ated, and some authorities put the figures as high as 47 per cent, as 
in the case of Kiistner. Of less frequency, but of equal importance, is 
the twisting of fallopian tubes that are enlarged, such as hydrosalpinx, 
pyosalpinx or ectopic gestation. Anspach* reported eighty-eight such 
cases collected from the literature. From 1900 to 1921, there are to be 
found only twenty-five cases of twists of ovarian tumors occurring 
before puberty and only fourteen in normal adnexa at any period of 
life. The paper by Smith and Butler stimulated interest in tubal torsion 
to the extent that each year has added to the cases reported. Most of 


2. Smith, R. R., and Butler, W. J.: Concerning Torsion of Uterine Adnexa 
Occurring before Puberty, together with Consideration of Torsion of Normal 
Adnexa: Report of a Case and Review of the Literature Since 1900, Am. J. Obst. 
& Gynec. 2:507, 1921. 

3. Anspach, B. M.: The Torsion of Tubal Enlargement with Especial 
Reference to Pyosalpinx, Am. J. Obst. 66:553, 1912. 
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these have been in married women of middle life and do not properly 
come into the category here considered, as too many possibilities exist 
in such cases for tubal pathologic conditions that might lead to torsion. 
There are still so few cases reported of torsion of the tube in young 
virgin girls that each carefully studied case deserves being recorded. 
The following is an example of this rare condition. 


REPORT OF CASES 


Case 1—Miss M. L. C., aged 13, referred from Filmore, Ind., entered the 
Methodist Hospital on Nov. 17, 1922, complaining of pain in the right lower 
quadrant of the abdomen accompanied by nausea and vomiting. The family his- 
tory was irrelevant. The patient had had pertussis, rubella, rubeola, chickenpox 
and typhoid fever during childhood. Her menses were established at 11 years of 
age, were fairly regular, the duration of the flow being from five to seven days; 
there was no dysmenorrhea. Her present illness began two days previous to 
admission with dull pain across the entire lower part of the abdomen, accompanied 
by nausea and finally vomiting. The pain gradually radiated to the right lower 
quadrant of the abdomen and became more severe. The patient had an involuntary 
bowel movement in bed, and her general condition was such that she was sent to 
Indianapolis for surgical treatment. Physical examination revealed an obese girl, 
15 years of age, lying with her knees drawn up and on her right side, suffering 
considerable pain. The head and neck, extremities and thorax revealed nothing 
pathologic. The abdomen was the site of a thick layer of fat, was somewhat rigid 
on the right and was exquisitely tender over the right lower quadrant of the 
abdomen, the point of greatest tenderness being over McBurney’s area. The patient 
had an unruptured hymen preventing a vaginal examination, and because of the 
signs and symptoms being typical of acute appendicitis, a rectal examination was 
not done. The temperature was 100 F.; the pulse rate, 130, and respirations, 24. 
The blood pressure was 118 systolic and 84 diastolic. The urine was normal. The 
blood count showed 4,700,000 red blood cells, 18,000 white blood cells with 78 per 
cent polymorphonuclear cells. The abdomen was opened under a diagnosis of acute 
appendicitis. Free blood-stained fluid was encountered at once. The appendix, 
although bound down by old adhesions, was not inflamed and was obviously not 
the cause of the present illness. On exploring the pelvis, a mass, the size of a large 
orange, was found occupying the site of the right tube. On proper exposure, this 
proved to be a twist involving the right tube only, the twist starting about 4 cm. 
from the uterus and occurring through two and one-half turns. The ovary on 
this side was normal, as were the adnexa on the opposite side of the pelvis. The 
strangulated blackened right tube was removed, as was the appendix, and the 
abdomen was closed (figs. 1, 2 and 3). The patient made an uneventful con- 
valescence, going home on the sixteenth day. At the present time, nearly six years 
after her operation, she says she is in good health and has normal, regular 
menstrual periods. 


Kiistner’s law, to the effect that right-sided adnexa twist from right 
to left and those of the left from left to right, has proved true in the 
large majority of the reported cases, and was true in the present case. 
Sanes,* Anspach,* and Smith and Butler,? show that twists occur in 


4. Sanes, K. I.: Observations of Torsion of Ovarian Cysts with Report of 
Cases, Am. J. Obst. 71:76, 1915. 
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the right adnexa three times to one compared with the left. This may 
be explained first because there is more room on the right, since the 
sigmoid encroaches on the left pelvic cavity, and secondly because the 
peristaltic action of the cecum and the small intestine on the right is 
much greater than that of the sigmoid on the left. 

At the time of Wells’ ® paper, in 1924, the condition of torsion of a 
“normal” fallopian tube had never been correctly diagnosed before 
operation, but in several subsequent case reports the diagnosis was 
made, due, no doubt, to the condition being called to the attention of 


Fig. 1 (case 1).—Section of tube proximal to twist, showing the normal struc- 
ture. There is no organic disease present. 


those interested in pelvic diagnosis who had read the case reports in 
1921 and 1924. When a diagnosis has been made it has usually been 
acute appendicitis, and Ehrenfest ® stated that the mistaken diagnosis 
of acute appendicitis in these conditions is really an important clinical fact. 
Other than for the sake of scientific accuracy, the mistake is of small 
import, because either condition demands immediate surgical interven- 


5. Wells, J. J.: Volvulus of Fallopian Tube in Case of Tuberculous Pyo- 
salpinx Simulating Gonorrheal Pyosalpinx, J. A. M. A. 83:30 (July 5) 1924. 

6. Ehrenfest, H., in discussion on Richard Smith, R. R., and Butler, William 
J.: Am. J. Obst. & Gynec. 2:545, 1921. 
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tion. Those cases reported in the literature show generalized lower 
abdominal pain becoming localized in the right lower quadrant of the 
abdomen (except in case of twist occurring on the left side) accom- 
panied by a rise in temperature, nausea and vomiting, leukocytosis, and 
with an increase in the percentage of the polymorphonuclear cells. 
There may be various urinary disturbances. Jefferson’ found 
cutaneous hyperesthesia over the buttock on the affected side in the 
distribution of the first lumbar nerve. Vaginal examination is usually 
impossible, or unsatisfactory, due to the age of the patient, as in case 1. 


Fig. 2 (case 1).—Section of tube distal to twist, showing the extravasation 
of blood into the tissues due to mechanical strangulation, but with no evidence of 
organic disease present. 


Rectal examination in several of the reported cases has revealed a mass 
on the affected side—indefinite or at times readily made out as to form 
and size. For the sake of a correct diagnosis, therefore, every young 
girl in whom a vaginal examination is unsatisfactory or impossible, 
presenting symptoms and signs of acute appendicitis, no matter how 
typical, should have a rectal examination. This may not only reveal 
much of corroborative value in the diagnosis of the appendicitis, but 


7. Jefferson, J. C.: Torsion of Fallopian Tube, Brit. M. J. 1:55 (Jan. 9) 1926. 
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offers almost the only means of identifying a volvulus of a tube in such 
a situation. An exception might be made in those cases in which the 
pain localized the right lower quadrant is preceded by epigastric pain 
and the sequential train of symptoms and signs is almost pathognomonic 
of acute appendicitis.® 
It is comprehensible how an ovarian cyst as large as an orange on 
slender, weak stalk or pedicle, might become twisted with resulting 
strangulation. Neither is it difficult to understand the same in regard 
to a rounded, large hydrosalpinx, pyosalpinx or ectopic gestation at the 


Fig. 3 (case 1).—Section of tube distal to twist, showing infiltration of red 
blood corpuscles under the peritoneum. 


extremity of the tube. These all offer the same mechanical situation ; 
namely, a heavy, large mass on a slender stalk, easily bent and twisted, 
with a shutting off of the venous return first and the arterial next with 
a resulting passive congestion of the points beyond the twist, which 
may later even become gangrenous. Ovarian cysts usually are not 
adherent to surrounding structures, whereas hydrosalpinx and pyosal- 
pinx are, hence twists occur much less frequently in the latter conditions. 
An explanation cannot be made with such facility with regard to the 


8. Polak: Year Book of Gynecology, 1927, p. 444. 
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case of tubes in virgins who had no history of previous trouble of any 
kind and in whom the adnexa on the opposite side were found normal. 

The attempted explanation of how these torsions of normal tubes 
take place presents the most interesting aspect of the subject. Of the 
many theories, the following are perhaps the most plausible: 

The first and most generally accepted theory is that the tube in 
question has an unusually long mesosalpinx that would allow undue 
mobility. A long mesovarium would predispose to the same condition 
in regard to the ovaries, a number of case reports of which are to be 
found in the literature. 

The second most acceptable explanation is that the tube twists due 
to a passive congestion, and that the twist is imparted by the spiral 
course of the vessels supplying the tube. Payr® did a great deal of 
work in regard to this feature, removing a spleen and injecting the 
vessels and producing as much as 125 degrees torsion of the spleen by 
this procedure. The veins are longer and more flexible than the arteries 
in the mesosalpinx, and when passive congestion occurs, these assume a 
spiral form or course and impart a twisting motion to the tube or 
tumor. At least one case is reported in which this passive congestion 
occurred as a result of an infarct in the mesosalpinx, and the tube his- 
tologically was normal except for areas of extravasated blood as a result 
of the strangulation. To favor further the idea of passive congestion 
being an important factor might be mentioned the fact that a majority 
of the twists in “normal” tubes occur around the menstrual time. There 
are three case reports in the literature of torsion occurring in tubes 
histologically normal, in which the patients were pregnant; both con- 
ditions of menstrution and pregnancy are accompanied by a physiologic 
passive congestion of the pelvic organs. 

The third explanation, championed especially by Anspach* and 
Norris,’° assumes the patient to have a tube infected by a vulvovaginitis 
in childhood, later developing a hydrosalpinx which remains latent with- 
out symptoms and unrecognized until the acute torsion occurs. Anspach 
also felt that an exanthematous disease in childhood or an attentuated 
tuberculous infection might so damage the tube that it would be pre- 
disposed to torsion under favorable conditions later. Such generalized 
conditions, however, would probably involve the other tube. Likewise, 
such infection would probably seal the tube and involve the fimbria, 
whereas in several of the reported cases, the ostia of the tubes were 
mentioned as open and the fimbria normal. In the case reported here, 


9. Payr, Erwin: Weitere experimentelle und klinische Beitrage zur Frage der 
Streldrehung intraperitonealer Organe und Geschwiilste, Deutsche Ztschr. f. Chir. 
85:392, 1906. 


10. Norris, C. C., in discussion on Smith and Butler; Am. J. Obst. & Gynec. 
2:545, 1921. 
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the tube was normal proximal to the twist, the ostium was open and the 
fimbria of the customary appearance. 

A fourth possible cause of twist might be external violence. In 
Darner’s case,"* the condition developed after the patient received a 

kick in the abdomen five days prior to operation. A severe blow might 
cause enough congestion of pelvic viscera with resultant circulatory 
hange to bring about a torsion of a tube, as explained by Payr. Every 
urgeon has too often been surprised by the consequences of a blow 
n the abdomen not to take such a history seriously and believe almost 
ny resultant pathologic process possible. The presence of small 
vdatid cysts of Morgagni, representing the remains of Gartner’s duct, 
ttached to the fimbriated end of the tube being a factor in bringing 
out torsion must not be lost sight of. If small, they are considered 
normal condition by Polak, but their presence in a twisted tube should 
i1row them out of the category considered in this paper. 

When one considers twist of the “normal” fallopian tube in the 
iarried woman, certain possibilities arise that make one feel the prob- 
m is somewhat different than in the virgin young girl. And yet the 
iost careful study of some of these cases reveals nothing that can 
<plain the twist other than the four possibilities that apply to tubal 
‘rsion in the virgin girl. The following cases illustrate this: 


CasE 2.—Mrs. B. Y., aged 47, entered the Methodist Hospital on Oct. 16, 1925, 
mplaining of pain beginning in the right lumbar region and radiating to the right 
ower quadrant of the abdomen, accompanied by nausea. She had been married 
venty-six years and had had twelve children, all normal deliveries. Her family 
istory was irrelevant. Her past history revealed pertussis, rubella, rubeola and 
1ickenpox when a child; otherwise she had never been ill. Her present illness 
egan three days before admission, with a dull aching pain in the right lower part 
if the back above the hip, with radiation “around the hip bone” to the right lower 
juadrant of the abdomen. Two other similar attacks had passed away leaving some 
‘soreness’; the first occurred three months and the second two months before the 
present one. All three had been accompanied by nausea and vomiting. Movement 
of the psoas muscle was painful. The patient had finished a normal menstrual 
period just before admission to the hospital. There were no urinary symptoms. 
Physical examination revealed nothing abnormal in the head, neck, extremities and 
thorax. The abdomen was obese, rigid over the right side and tender over the 
right lower quadrant. A positive Schwartz sign was present. Rosving’s sign was 
negative. Vaginal examination revealed a doughy mass in the region of the right 
adnexa. The temperature was 99.6 F.; the pulse rate, 96 and respiration, 20. The 
blood pressure was 126 systolic and 88 diastolic. The urine was normal. The blood 
count revealed 3,400,000 red blood cells, 7,800 white blood cells, with 77 per cent 
polymorphonuclear cells. The abdomen was opened under a diagnosis of twist of 
the right fallopian tube. The uterus, left tube and ovary and right ovary were 
normal. The right tube was black and swollen and twisted from right to left three 
times upon itself. Nothing further of a pathologic nature was found. A right 


11. Darner, H. L.: Torsion of Normal Fallopian Tube, Am. J. Obst. & Gynec. 
11: 368, 1926. 
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salpingectomy and appendectomy were done. The patient was sent home well on 
the thirteenth day. The pathologist’s report in brief stated that the tube measured 
“7 cm. in diameter and is markedly hemorrhagic. There is great edema of the 
mucosa, with much free hemorrhage into the muscularis. There is no evidence of 
an inflammatory reaction.” 


Case 3—Mrs. E. W., aged 27, referred from Colfax, Ind., entered the 
Methodist Hospital on April 8, 1925, complaining of sharp pain in the right lower 
quadrant of the abdomen, in the right lower part of the back and vomiting. The 
family history was irrelevant. She had had pertussis, rubeola, rubella, chickenpox, 
scarlet fever and pneumonia, all with good recoveries and without known sequelae. 
She had had one child of normal delivery. Her menstruation began at the age of 
13, was of the four day type, was irregular always and accompanied by considerable 
pain the first two days. Her present illness began two weeks before admission 
to the hospital with rather sharp pain felt in the lower right lumbar region, which 
soon radiated to the right lower quadrant of the abdomen. Nausea and vomiting 
occurred a few hours later, with relief to the patient. She was able to be out of 
bed in a few days, but a constant “soreness” and tenderness in the lower part of 
the abdomen brought her to the hospital for relief. There were no urinary symp- 
toms. Physical examination revealed a normal head, neck, chest and extremities. 
The abdomen was tense over the lower abdominal quadrant on the right; tenderness 
to palpation and considerable resistance and pain were evoked on bimanual exami- 
nation of the region of the right adnexa. The temperature was 99.8 F.; the pulse 
rate, 110, respiration, 26. The blood pressure was 126 systolic and 86 diastolic. The 
urine showed a faint trace of albumin and a specific gravity of 1.003. It was 
normal microscopically. The blood count revealed 3,432,000 red blood cells, 9,200 
white blood cells, with 73 per cent polymorphonuclear cells. The abdomen was 
opened under a diagnosis of right chronic salpingitis. Some free fluid was present 
in the lower peritoneal cavity. The right tube and ovary were twisted from right 
to left four times at a point 3 cm. distal to uterus. There were small areas of 
gangrene throughout the strangulated tissue. The uterus, left tube and ovary 
were normal to the eye and examining hand. Right salpingo-oophorectomy was 
followed by an uneventful convalescence. Pathologic examination of the specimen 
revealed beginning gangrene, edema and hemorrhagic infarction without any signs 
of infection or other pathologic process. 


In both cases 2 and 3, the causative factor of the torsion is enigmatic. 
Due to the interest in the condition every effort was made to find some 
pathologic process in the tubes that might subscribe to the belief that a 
latent tubal infection was present, but only the results of mechanical 
strangulation were found. Both women, being married, were exposed 
to the possibility of specific infection, and both, especially the patient 
in case 2, with her many pregnancies, were the possible victims of some 
unrecognized, mild puerperal bacterial invasion. Considering the nor- 
mal pelvic organs in cases 2 and 3, however, there is no reason why the 
torsion could not have occurred in the same obscure fashion as in case 1 
and have been due to the same undetermined causes. 

When the normal mechanics of the pelvic organ: »s changed by the 
presence of a large tumor, or the fixation of one or m rgans, or by 
the adherence of one organ to another, there may o torsion of a 
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fallopian tube which in itself is not diseased. While abnormal mobility 
of the fallopian tube has been advanced as the most probable cause of 
torsion, there seems no doubt of the importance of a certain amount of 
mobility being necessary. When this normal amount of mobility is 
reduced by pathologic processes in organs other than the tubes, torsion 

‘ the tubes may occur. The following case is an excellent illustration 

f this fact: 








Case 4—Mrs. M. B., aged 45, referred from Clayton, Ind., entered the 
ethodist Hospital Sept. 16, 1927, complaining of severe pain in the left lower 
idrant of the abdomen, vomiting and inability to straighten the left leg due to 
n in the abdomen. Her family history was irrelevant. The patient had had 
mps, pertussis and rubella as a child. Typhoid fever at the age of 9 was 
llowed by an uneventful convalescence. She had a normal pregnancy with 
mal delivery at the age of 20. She began to menstruate at the age of 13 and 

; regular and normal until eight years before admission to the hospital, when her 
iods became profuse in amount and the length of time of menstruation changed 
m four days to eight and at times to ten days. Her present illness began two days 
‘ore admission with dull pain in the left lower quadrant of the abdomen, which 
‘ame suddenly sharp in character. Nausea and vomiting soon occurred. It 
ame impossible to extend her left leg due to the pain it occasioned in the left lower 
ominal quadrant. Physical examination revealed a thin woman, considerably 
ydrated and appearing quite ill, lying on her side with the knees drawn up. No 
sical conditions of note were to be observed other than in the abdomen. A 
oth, hard, centrally situated mass could be felt above the symphysis pubis and 
ending some 10 cm. above it toward the umbilicus. Extreme tenderness and 
isticity were present over the left lower quadrant of the abdomen, the patient 
rdly allowing an examination due to the pain occasioned. A vaginal examination 
ealed a large, smooth, rounded tumor of the uterus that was fixed. Palpation 
the adnexa was unsatisfactory owing to spasticity and lack of cooperation on 
part of the patient. The temperature was 100 F.; the pulse rate, 90, respiration, 
The blood pressure was 140 systolic and 80 diastolic. The urine showed a 

nt trace of albumin. The blood count revealed 4,130,000 red cells, 14,800 white 
lls, with 80 per cent polymorphonuclear cells. On opening the abdomen, a 
derately large, calcareous fibroid of the uterus was found. It was firmly fixed 
surrounding structures and could not be moved. The bladder was drawn over to 

e right and adherent to the uterine tumor. The right tube and ovary and left 
ary were normal in appearance and to palpation. The left tube was black, 
wollen and twisted from left to right two and one-half times. A left salpingec- 
my was done quickly and the abdomen closed; the patient was in only fair condi- 
tion at the end of operation. Her convalescence was rather stormy for a few days, 
but she was able to go home on the twenty-seventh day following operation. The 
fibroid tumor was exposed to the x-rays subsequently, and at present, eleven months . 
after operation, is considerably reduced in size. The patient has gained 14 pounds 
(6.4 Kg.) in weight. Pathologic examination of the specimen showed nothing 
but the results of mechanical strangulation of the tube. 
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Operation is the only safe treatment in torsion of the fallopian tube. 
While some patients are acutely sick from the condition, it is aston- 
ishing how few symptoms and signs may be present from a gangrenous 
mass in the pelvis. Without operation, the danger of necrosis and 
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gangrene with infection and subsequent peritonitis cannot be lost sight 
of. Rupture with hemorrhage may occur. There may be cystic degen- 


eration with fibrosis, and the case lapse into chronic gynecologic semi- 
invalidism. It is also conceivable that the acute torsion may subside 
completely without any untoward results in the future. All things con- 
sidered, the condition may be classified with acute appendicitis, intussus- 
ception and intestinal obstruction in which operation should be done as 
soon as the diagnosis is made. 

Torsion of the undiseased fallopian tube in the young virgin is rare; 
in the married woman uncommon, but not excessively rare. It may be 
caused by a number of mechanical conditions not fully understood. It 
must be added to the already long list of conditions to be thought of in 
diagnosing acute conditions of the abdomen. When pondering the 
question of whether or not to operate, it is well to remember that the 
symptoms and‘signs often belie the severity of the existing pathologic 
process. 


523 Hume-Mansur Bldg. 





LESIONS OF THE POSTERIOR URETHRA 
IN CHRONIC GONORRHEA 


CYSTO-URETHROSCOPIC OBSERVATIONS * 
ERIC STONE 


This report is a study of 120 consecutive cases of chronic gonorrheal 
rethritis, seminal vesiculitis and prostatitis, in which cysto-urethroscopic 
<aminations were made. The material was gathered both from private 
ractice and from patients seen at the outpatient department of the 
'rovidence City Hospital. At the hospital, the press of an active public 
inic prevented the use of this procedure in many cases in which it 
ould have been applicable. However, the frequency of its employment 
mong the private patients shows the extent of its usefulness. Of 200 
msecutive cases in private practice cysto-urethroscopy was performed 
+3 times in 98, or 49 per cent, of the cases. 

The McCarthy cysto-urethroscope was used throughout and for the 
\itial examination was equipped with a Bugbee electrode of the delivery 
i a high frequency current to any suitable lesions. In a few cases 
urther applications of this modality were made, or the instrument was 


sed for catheterization or attempted catheterization of the ejaculatory 
ucts. In most cases no general or local anesthetic was used; in a few, 
n which sounds had demonstrated a hypersensitive posterior urethra, 
rom 10 to 20 cc. of 4 per cent procaine hydrochloride was instilled. 
n no case was the discomfort of the procedure such that the patient 
\bjected to its further use. 


All the cases showed signs or symptoms of the disease. The signs 
varied from clear urine with a few shreds or a morning drop to 
turbid urine or a diurnal mucoid drop. All cases showed leuko- 
cytes in the fluid expressed by massage from the urethral adnexa, 
varying in amount from 10 cells per high power field to 100 per 
cent pus. In only one case were gonococci present in urethral 
secretions at the time of the examination. Through some error the 
wrong smear was examined and the patient paid for the mistake by 
an attack of acute epididymitis coming forty-eight hours later. This was 
the only accident in the series. Many of the patients showed no 
symptoms, while most presented alone or in combinations such varying 
manifestations as frequency, dysuria, sacral backache, perineal pain, 
impotence, nocturnal or defecatory emissions, hypersexuality, dribbling 
or weakening of the urinary stream, etc. 


* From the Department of Venereal Diseases, Providence City Hospital. 
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Figure | Figure 2 
Fig. 1—Normal urethra: A, waterfall; B, posterior frenum; C, veru mon- 
tanum with utricle visible in the midline; D, anterior frenum; E, pocket; F, 
external sphincter. Note that the ejaculatory ducts and the prostatic ducts are 


not visible, and that the mucous membranes are pale throughout. 


Fig. 2 (case 539).—This case was characterized by defecatory emissions and 
perineal pain. The first and second specimens of urine were clear, with shreds. 
There was 100 per cent pus in the prostatic secretion. The condition was of seven 
months’ duration. A shows enlarged and reddened veru montanum; B, hooded 
utricle with granulations ; C, edematous cyst at proximal border of a deep “pocket” 
on the floor of which are granulating areas; D, transverse anular fibers of the 
compressor urethrae seen proximal to the pocket; /’, external sphincter. 
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This paper is illustrated by photographs of scale models of various 
typical lesions, made by me, of monolith clay and painted the natural 
colors as seen through the cystoscope.' 


LESIONS FOUND 

In eight cases no pathologic condition was found in either the 
interior or the posterior urethra. In only two cases was the disease 
imited to the anterior urethra, both showing inflamed glands of 
ittré and areas of granulation. In thirty-two other cases a pathologic 

ndition was found both in the anterior and the posterior urethra. In 
eventy-eight cases the lesions were limited to the posterior urethra. 
hus morbid processes were found in the posterior urethra in 
1.4 per cent of the cases, but limited to this region in only 57.7 per cent, 
d appeared in the anterior urethra in 18.8 per cent, being limited to 
is region in only 1.6 per cent of the cases. 

For the purposes of this study the region from the external sphincter 

) the meatus was considered as a whole since the two types of lesions 
uund (inflamed glans of Littré and areas of granulation) were dis- 
ributed indiscriminately throughout this part. The posterior urethra 
as considered in nine sections: (1) the internal sphincter; (2) the 
vaterfall—the region from the internal sphincter to the posterior frenum 
—which lies on the floor of the urethra and covers the urethral fibers 
f the trigonal musculature; (3) the region on either side of the veru 
iontanum, especially that part on which the prostatic ducts open; 
4) the posterior frenum; (5) the veru montanum or colliculus; (6) the 
utricle, which is given a separate category as it was so frequently found 
he site of characteristic lesions; (7) the anterior frenum; (8) the 
“pocket,” and (9) the external sphincter. 

The use of the term “‘pocket” has not appeared in the literature and 
the region has not formerly been regarded as a distinct entity. It is 
used here to describe the area just proximal to the external sphincter 
which appears as a distinct concavity on the floor of the posterior 
urethra. It may be shallow or deep, some being sunk 2 cm. below the 
level of the rest of the urethra. It was recognizable in all but one case 


in this series. It is considered of some importance because in thirty- 
three cases it was the site of pathologic processes. 


Table 1 shows the position, type and frequency of the lesions found 
in the posterior urethra. The figures refer to the number of cases in 
which the morbid processes occurred, not the number of individual 
lesions. 


1. These models were demonstrated at the Scientific Exhibit of the Convention 
of the American Medical Association at Minneapolis, June 11-15, 1928. 
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Figure 3 Figure 4 
Fig. 3 (case 581).—This case was characterized by a sensation of dribbling, but 
never any visible drop or stains. There was a “weak feeling” in the sacral region. 
The urine was clear, with shreds in the first specimen. There were 31 cells 
per high power field in the prostatic secretion. .4 shows streaked edema of the 
waterfall; B, dilated prostatic ducts; C, conical and reddened veru montanum; 
G, swollen and reddened anterior frenum; D, normal pocket; E, external sphincter. 


Fig. 4 (case 553).—This case was characterized by urgency and dribbling. The 
infection dated back three years. There were few leukocytes in the prostatic secre- 
tion. A shows granulations on the waterfall; B, dilated prostatic ducts; C, rent 
into the prostatic body made one year ago by a sound; D, reddened but not swollen 
veru montanum; E, pocket. 
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An attempt to find any one typical picture was futile, as the 112 cases 
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in which posterior pathologic process was found showed 100 different 
ombinations of lesions. This may be clearly seen on examination of 
In one case there may be edema of 
e waterfall, edema and inflammation of the veru, edema but no inflam- 
ation of the anterior frenum, and granulations in the pocket, while in 
other there are polyps on the waterfall, granulation of the utricle, 
lated prostatic ducts and an inflammataory reaction in the pocket. 
urthermore, the greatest number and most pronounced lesions may 
t appear in those cases in which there is the greatest amount of 


1e accompanying illustrations. 


1exal infection or the severest symptoms. 
terogeneous mixture of morbid processes. 


In short, there is a 


Taste 1.—Position, Type and Frequency of Lesions 








Lesions Cases 
CPE, «in cas hs oh gc ¥ingwends 24 
Cad dsik vv theese cosets técsacta 9 


Re nctcutencccrtchtes saseees 


Lesions Cases 


Bh ic ica cw +s ca see howeneus 
POlYP Of... 22.6. ese ee ee ceeeeeeeceees 10 Rent in posterior urethra................ 1 
Dilated gland ducts...............++. 1 
! ATEN TORI, «os wchviiaiienssccccucacen 28 
CR Rs 6:00 :05:6d a oc geessenegees 36 Edema of 15 
Dilatation Of. .-...0......... ssesees 36 Inflammation of.........00000. 4 
Pus emerging from.........-..+++++: 2 Inflammation and edema............ 5 
1. ee: meme, He 11* WUAMY CGEMA. 0.00.00 00 ees evyscceves 2 
EES BS RO ae een ee ~ 4 SE Eb deisccsepewsceScqupateransd 1 
NN CRITE OE ay 
Inflammation and edema of.......... 3 POCKBGi0c9e cose cscescoseeesccesnsconesse 33 
POR isc cieeccvieseccesees sheets Edema Of.........-..--++ee00eseeeees 18 
PUL Ric de os.covs~ nes teases sap ye: "Sse eee, é 
iia ns 90 ¥4-0od voneséhverseees 41 NE 6 Wad0e oe Sxee, och ecunt<yehane 1 
InROMAMIBEIOR Of.66 2. occ ccc cnccese 
Inflammation and edema of......... 33 Tee 4 
Dilated vessels OM.............-+se006 13 ON RET Pre ee ee 3 
>. I ee ere 9 Dilated vessels of..............0s.e00 1 
Dilated ejaculatory duct............ 5 
GI Rangkd6- 59 edkaiowckh venceatbs 


1 Total number showing polypi........... 26 





* Posterior frenum so often hidden by veru that the reading is low. 


As confusing as this may seem, a grouping of the cases according 
io the nature of the lesions rather than their specific form considerably 
clarifies the problem. Under this classification a more uniform picture 
was found, the combinations falling into six general groups. The 
lesions were defined as to their basic pathologic process, i. e., inflam- 
matory or edematous. Those lesions which were markedly hyperemic 
or areas of granulation were considered to be inflammatory in nature. 
Those consisting of a pallid edema were classified as purely edematous 


(table 2). 





The multiplicity and confusing juxtaposition of different types of 
pathologic processes in the posterior urethra dependent on invasion by 
the gonococcus is explained by the routes taken and the stages of such 


infection. 


MECHANISM OF INFECTION 
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Figure 5 Figure 6 

Fig. 5 (case 321)—This case was characterized by pain on intercourse 
and mucoid drop. The urine was clear, while there were shreds in the first 
specimen. There was 75 per cent pus on massage test. There had been three 
attacks, the first nine years ago, the last two years ago. A shows inflamed 
waterfall; B, polypi on the posterior frenum; C, inflammatory excrescence on the 
posterior frenum; JD, dilated prostatic duct; FE, inflamed veru montanum; /, 
granulations in the pocket. 

Fig. 6 (case 544).—This case was characterized by morning drop and occa- 
sional sacral backache. The urine was clear; there were shreds in the first 
specimen. The prostatic secretion showed 40 cells per high power field. The infec- 
tion dated back eight years. A shows edema of the waterfall; B, swollen but not 
reddened veru montanum; C, dilatation of the utricle; D, dilated right ejaculatory 
duct ; E, reddened fluffy edematous swellings at junction of the veru and its anterior 
frenum; Ff, granular edema of the pocket; G, reddened and swollen area on roof 
of the urethra where it comes in contact with the veru. 
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The external sphincter is no great barrier to infection ascending by 
continuity and undoubtedly such a mode of extension is frequent. It 
is probable that the majority of cases in which the prostatic urethral 
infection is heralded by dysuria, frequency and tenesmus have suffered 
this type of invasion. There are, however, a great many cases which 
develop a chronic posterior urethritis (in inevitable conjunction with 
dnexal infection) that never pass through a recognizable stage of acute 
r subacute posterior urethral infection. Examination of the adnexa 
nd the discovery of pus in the secretions is made because of an undue 
ersistence of morning drops or shreds or the gradual onset of sexual 
mptoms. In these cases the glasses containing posterior urethral or 
‘sical urine have at no time been turbid. The route of the infecting 
ganism is probably along the lymphatics. A corroborative observation 
that of 200 consecutive patients showing this insidious onset of 
inexal infection, 95 per cent at one time or another had more or less 
arked inguinal adenitis; whereas 186 presenting sudden acute.symp- 
ms indicative of posterior inflammation had had inadenitis in 16 per 
nt. 
TABLE 2.—Type of Lesions 


Nature of Lesions Cases Nature of Lesions Cases 
Cinghr GIGI is ec cin ci ctsachctececsex 34 a SRE a ae ea 8 ee ll 
tirely inflammatory.................. 42 Scar tissue formation................... 2 
dominately edematous....:.......... 10 No posterior pathologic process......... 2 
edominately inflammatory........... 11 No anterior or posterior pathologic 
ins nc Cache eedceowees ceased eesocey 8 


While a great deal remains to be learned about the lymphatic. drain- 

re of the urethra, certain facts are recognized at present. There are 

ot only dorsal lymphatics draining into the inguinal glands, but lateral 
ind ventral channels running up the length of the urethra which 
nastomose within the prostatic capsule with those from the posterior 

irethra and the especially well developed channels draining the veru 
iontanum. These then form a network over the surface of the prostate, 

ere receiving the channels from the prostatic follicles. The main 

channels lie between the glandular body of the prostate and its dense 
enveloping capsule. These offer plausible routes for posterior and 
adnexal invasion without postulating a necessary ascent along the 
urethral mucous membranes.” 


2. Doble, F. C.: The Urethra and the Urethroscope, New York, Oxford 
University Press, 1923. Hain, R. A.: An Anatomic and Clinical Study of the 
Posterior Urethra, Northwest Med. 23:58 (Feb.) 1924. Heller, J., and Sprintz, 
O.: The Comparative and Pathological Anatomy of the Veru montanum, Ztschr. 
f. urol. Chir. 7:196 (Sept. 23) 1921. Pelouze, P. S.: A Lymphocystic Lesion of 
the Urethra, J. Urol. 7:165 (March) 1922. Watson, E. H.: Development of the 
Veru Montanum, Section on Urology, J. A. M. A., 1918, p. 143. 
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When once there has been established an infection of the prostate 
or seminal vesicles, there is soon a gradual infection of the mucous 
membranes of the posterior urethra because of the discharge of infec- 
tious material from the prostatic or ejaculatory ducts or by direct 
extension from the prostatic follicles. Even if the invasion has 
occurred by direct extension up the urethra, eventually the descending 
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Fig. 7 (case 521).—This case was characterized by itching in the urethra. The 
urine was clear, while there were floating shreds in the first specimen. The 
prostatic fluid showed 13 cells per high power field. The anterior urethra was 
normal. The condition was of ten months’ duration. A shows mild streaked 
edema of the waterfall; B, dilated prostatic ducts; C, red and swollen veru 
montanum; E, red edema of the anterior frenum; D, white fluffy edema of the 
anterior frenum. 


infection supervenes and keeps up the process. This double source of 
infection of the mucous membrane, with healing accomplished or in 
progress in some parts and inflammation still active in others, accounts 
for part of the confusion in the picture of chronic gonorrhea, especially 
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those features which are purely inflammatory, but not for all of it. 
A further factor is present. This is found in the areas of lymphangitis 
or perilymphangitis where the lymphatics lie adjacent to infected pros- 
tatic follicles. Where such areas occur, lymphatic drainage of the 
region they drain is blocked and edema of the urethral mucous mem- 
brane or intra-urethral structures occurs. This is irrespective of surface 
infection. If this obstruction occurs in one place there will be edema 


II 


Fig. 8 (case 153).—This case is characterized by mucoid morning drop. The 
urine was clear, with sinking and floating shreds in the first specimen. The 
prostatic fluid showed 50 cells per high power field. In I, 8/18/1922: A, shows 
brawney edema of the waterfall; B, dilated prostatic duct; C, saddle back edema 
and inflammation of the veru with dilated vessel; D, brawney edema of the pocket. 
In II, 10/13/1922: A shows polyp on the waterfall; B, dilated prostatic duct; C, 
normal veru; D, normal pocket. At the time of this examination, there was no 
morning drop. The urine was clear with rare mucous shreds in the first specimen. 
The prostatic fluid showed 18 cells per high power field. 


E 
ii 
! 
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Figure 9 Figure 10 


Fig. 9 (P. C. H., 15178).—This case was characterized by shreds in the urine. 
30th specimens of urine were clear with sinking and floating shreds in the first. 
The prostatic secretions showed 10 per cent pus. 


The condition was of five 
months’ duration. 


A shows area of cystic edema on the waterfall. Some of the 
cysts are so large and discrete that they resemble polyps and may be an early 
form of polypi. B shows pallid edema of the posterior frenum; C, dilated utricle; 
D, granulating area on the anterior frenum; E, the pocket showing transverse 
muscle fibers situated both proximally and distally. 


Fig. 10 (case 499).—This case was characterized by mucoid morning drop. The 
urine was clear, with mucous shreds in the 


fluid showed from 2 to 3 cells per high power field. 
eleven months. 


first specimen. The prostatic 
The infection dated back 
A shows slight edema of the waterfall; B, large reddened veru 
montanum and anterior frenum, posterior frenum red but not swollen; C, brawny 
edema of the pocket. 


It appears like a group of low cysts but the overlying mucous 
membrane is reddened. 
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of the veru montanum or the frenums (figs. 2, 3, 6, 7, 8A, 9, 10, 12 
and 13) or if at another point the edema will appear on the waterfall 
as streaked edema (figs. 3, 4, 5, 7, 8 and 10) or as bullous edema 
(figs. 9 and 11). Or if there is interference. with the lymphatics 
drainiftig the pocket there will be found in the structure cysts (fig. 2), 
brawny edema (fig. 6), bullous edema (fig. 10) or polyps (fig. 12). 
\s one or more than one of these areas may be involved there may be 
a diversity of lesions. 





Fig. 11 (P. C. H., 11827).—In this case both specimens of urine were turbid, 
with shreds in the first specimen. There was a morning drop. The prostatic fluid 
showed 1 per cent pus. The anterior urethra was normal. There had been one 
previous attack three years ago. The present infection was acquired six months 
before examination. A shows edema of the waterfall with cystic excrescences 
resembling polyps; B, two polyps on the veru montanum; C, dilated prostatic duct ; 
D, inflamed veru montanum and freni; EF, inflammation and edema of the pocket. 


EVOLUTION OF POLYPI 


Figures 9 through 13 show a progressive series of morphologic 
changes which suggest the possible steps in the evolution of polypi. In 
figure 9, on the waterfall, is an extensive area of bullous edema 
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Figure 13 
Fig. 12 (case 762).—This case was characterized by pain in the perineum. The 
urine was clear, with mucous shreds in the first specimen. Massage test 
showed 10 cells per high power field. There were dilated vessels near the meatus 
in the anterior urethra. Onset of present gonorrhea occurred nine months ago; 
there had been one attack three years before. A shows edema of the waterfall; 
B, enlarged veru with dilated vessels; C, hooded utricle; D, polyps in the pocket. 


Fig. 13 (case 632).—This case was characterized by shreds in the urine. The 
urine was clear, with shreds in the first specimen. The prostatic secretion showed 
20 per cent pus. The infection was acquired twenty-one months ago. A shows 
a polyp on the veru montanum; B, pocket normal; C, external sphincter normal. 
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Microscopically, such areas show a slight proliferation of transitional 
cells, which are similar to those normally lining the posterior urethra, 
except that they are hydropic. There is below a markedly hydropic 
loose reticular tissue, which accounts for the boss formation. In 
figure 10, there is an area of cyst formation at the proximal limit of the 
pocket. This is the same process as the foregoing one, except that the 
bullae are fewer in number and are larger. In this particular case there 
s some inflammatory reaction on the surface but the basic pathologic 
srocess is the edema. There is hydrops of the proliferating epithelium 
ind the reticular tissue with some leukocytic and lymphocytic invasion 
f the reticulum. In figure 11, there are two areas of interest. At 
he distal end of the waterfall (4) there is an area in which the 
lematous masses are more discrete and prominent than in the foregoing 
ises. This type of tumefaction shows under the microscope a further 
tage of epithelial cell proliferation in which at various points there is 
n invagination of the surface cells. Although these invaginations.are 
iorphologically glands the cells still retain their transitional character. 
here is a beginning fibrosis at the center of the substratum of reticular 
ssue and the lymphocytes predominate over the leukocytes as infil- 
rating cells. On the right hand aspect of the veru montanum there 
re to be seen two structures which closely resemble polypi except that 
o central vessel is visible (B). Here the gland structure is more 
iarked and the process of central fibrosis has reached the point where 
1ere is blanching of the tissue so that the polypi appear white against 
he red of the surrounding inflamed surface of the veru. Figure 12 
hows several identical structures in the pocket (D). Figure 13 pre- 
sents a fully developed polyp springing from the left posterolateral sur- 
ace of the veru montanum (4). Microscopically, this type of growth 
s made up of a covering membrane of transitional epithelial cells, still 
proliferating and desquamating at various areas. There are also many 
small glands in which the cells have become cuboidal and which have 
some active secretory process, as the lumen of the glands contain beside 
desquamated cells amyloid material. The reticular tissue is denser and, 
while there is still some leukocytic infiltration, the lymphocytes are 
greatly in excess and in places are so densely clustered that they suggest 
early lymph glands. There is also a dense fibrous core usually bearing 
a well developed vessel, which is visible as the structure is relatively 
translucent.® 


3. Pelouze (footnote 2, reference 4). Player, L. P., and Mathe, C. P.: A 
Study of Tumors of the Vesicle Neck and the Prostatic Urethra and Their Rela- 
tion to the Treatment of Chronic Gonorrhea, J. Urol. 5:177 (March) 1921. 
Randall, A.: Urethral Polyps, Ann. Surg. 40:325 (Sept.) 1914; A Study of 
Benign Polypi of the Male Urethra, Surg. Gynec. Obst., Nov., 1913, p. 548. 
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CONCLUSIONS 
1. In chronic gonorrhea, the major urethral changes are found in 
the posterior urethra. 


2. The anterior urethra shows a continuing pathologic process in only 
a minority of the cases. 


3. The lymphatics draining from the penile and membranous urethra 
into the subcapsular lymph spaces of the prostate are a possible source 


of prostatic and seminal vesicular infection, and thus indirectly of 
posterior urethral infection. ) 


4. The form which the posterior urethral lesions take is dependent 
on (1) localized areas of inflammation in various stages of healing, 


and (2) on sites of obstruction to lymphatic drainage of the area. 
5. Polypi develop as a process of organization in persistent areas of 
locahzed edema. 





DYSPHASIAS OF CORTICAL RIGIDITY AND 
TREATMENT 


A PRELIMINARY REPORT * 
STEELE F. STEWART 


Dysphasia or difficult speech is to be distinguished from aphasia or 
absent speech. As a rule, dysphasia means difficulties that are central 
in origin as distinguished from those caused by peripheral lesions, such 
is difficulty in moving the jaw (dysarthia) or laryngeal disease 
dysphonia ). 

Under the term dysphasia would be classified both stammering and 

ittering. I have never encountered either of these difficulties in 
ittle’s disease and therefore I will not discuss them. In patients with 
rtical injuries, I have observed two types of disability: (1) difficulty 
making certain sounds, for instance, sw in “sweet,” or in giving the 
ugh sound to a vowel, such as h in “hello”; (2) difficulty in slipping 
pidly and easily from syllable to syllable. The latter disability may 

obvious when the second sound is a repetition of the first, as in 
nama”; but it is much more likely to be enhanced when the sounds are 
itirely different, as in “rab-bit.” It may be most marked when the 
imber of syllables is increased still further, or when the attempt is 
ade to increase the speed of speaking. In the past the attempt has 
een made to overcome the difficulties with polysyllables by the develop- 
ent of “cog-wheel” speech. 

I feel that the occurrence of aphasia and dysphasia has not received 
ccurate statistical study. The confusing factors have been: (1) the 
liagnosis of aphasia in children who have not yet learned to talk, as in 
ne child who did not learn to speak until 5 years of age, and (2) a 

mfusion in terminology. Wallenburg* quoted Berkhardt to the effect 
that the aphasia is usually ataxic in type; obviously, he is referring to 
persons with dysphasia rather than to those with aphasia. This con- 
fusion is even more obvious when one observes the gathered data in 
table 1. 

My experience corresponds more closely with that of Abercrombie ” 
who stated that about one case in fifty is aphasic. Among eighty-three 
patients showing cortical rigidity only three (3.6 per cent) had true 
cases of aphasia, although it must be admitted that some young children 


*From the Orthopedic Clinic of the Children’s Hospital. 


1. Wallenburg, A.: Ein Beitrag zur Lehre von den cerebralen Kinderlah- 
mungen, Jahrb. f. Kinderh., 1886, p. 384; referred to by Osler, W.: Cerebral 
Palsies in Children, M. News 53:29, 1888. 


2. Abercrombie, J.: Clinical Lecture on Hemiplegia in Children, Brit. M. J. 
1:1323, 1888. 
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in the series might have been aphasic. On the other hand, dysphasia 
was encountered twenty-three times in the same series, a figure which 
was comparable to those of either Wallenburg or Gaudard.* 

It is interesting to observe that the difficulties of speech occurred in 
largest proportion among those who obviously had a rigidity involving 
all four extremities. 

The marked preponderance of difficulty of speech among patients 
with right-sided involvements shows the close relationship to the pre- 
dominance of right-handedness and would seem to indicate that speech is 
largely a unilateral development. 

Peripherally, the utterance of sound consists in the exhalation of air 
under varying pressure through a series of modifying apertures which 
set up a certain series of vibrations. It may be further modified by the 
lengthening and shortening of the distance between the various points of 
interference by raising the larynx or by a change in the position of the 
tongue in respect to the palate and teeth. Furthermore, there may be a 
change in the size, shape and character of the resonance chambers, for 


Number of 
Spastie Patients Aphasia 


f 13 
ST RS oe rene 62 


GE hn edngeeiancsaessertoncesacinesater’ - 25 

example, by the opening or closing of the posterior nares. Again, stops 
may be introduced by the tongue, teeth and lips so as to give explosive 
effects; in this respect people differ but slightly from the brutes with 
their various types of barks, whistles, etc. For the utterance of normal 
speech it is necessary to slip rapidly and easily from one sound adjustment 
to another in an unconscious manner at a rate of ten or more distinct 
sounds per second. In the adult this is largely a matter of habit and is 
as essential to speech as the escapement mechanism of the typewriter to 
orderly typing. 

The following cranial nerves are concerned in the production of 
speech: (1) the fifth cranial nerve, which regulates and modifies the 
position of the jaw, both in a vertical and lateral position; (2) the 
seventh cranial nerve, which controls the perioral musculature and, with 
the (3) ninth cranial nerve, tends to lift and retract the pharynx; (4) 
the tenth cranial nerve, which supplies the intrinsic musculature of the 
larynx, pharynx and soft palate, and the (5) twelfth cranial nerve, 
which innervates the thyrohyoid mechanism and intrinsic musculature 
of the tongue. 


3. Gaudard: Contribution a l'étude de l’hémiplégie cérébrale infantile, Thése 
de Geneva, 1884; referred to by Osler (footnote 1). 
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The condition which exists in dysphasic patients is not paralysis, 
in the sense of an inability to move; it is rather a rigidity that affects 
certain muscles or sets of muscles. It is variable in degree, as shown 
by the following case. 


REPORT OF CASE 





















J. W., a girl, aged 9 years, had a duobrachial, duoskelic cortical rigidity of natal 
origin. The extra-ocular motions were all apparently normal. The facial muscles 
were well and equally controlled. The jaw could be opened and closed in a 
normal manner, but when lateral movement was attempted, it was seen that while 
the space between the two lower central incisors could be brought to the left to the 
interspace between the central and lateral incisors, motion to the right was 
restricted to a distance of only one-third the width of the central incisor. When 
the tongue was protruded slightly to the right, it could be projected well and could 
ie placed on the roof of the mouth; attempts to move it from side to side, 
owever, showed that it moved more easily and freely to the right than to the left. 
Deviation of the soft palate or stiffness of the throat was not found and the child 
ould speak in a normal manner. 


TABLE 2.—Occurrence of Cases of Difficult Speech Among Various Types 
of Rigidity 
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It has been shown to the satisfaction of most authorities that skeletal 
nuscle has a dual innervation—one through the motor nerves and the 
other through the sympathetic nerves. Much experience has confirmed 
the observation of Royle* and Hunter that in persons affected with 
certain types of rigidity, the section of the sympathetic nerves leading 
to the affected part produces a relaxation of the rigidity and places the 
musculature under greater central control. I need not here be con- 
cerned with the method of action of the sympathetic nervous system 
on the musculature except to assert my belief in the explanation of 
Orbeli® that “it increases the force and amplitude of contraction and 
enhances the rapidity of development of tension” rather than in the 
explanation of tonic effect proposed by Royle.* The success obtained 
in the treatment of persons with rigidity in the extremities leads to the 
belief that the section of the sympathetic connections which exist between 





















4. Royle, N. D.: The Treatment of Spastic Paralysis by Sympathetic Rami- 
section, Surg. Gynec. Obst. 39:701, 1924. 

5. Orbeli, L. A.: Neue zur Frage tiber die sympathische Innervation quer- 
gestreiften Muskeln, Pavlov Jubilee Volume, 1924, p. 403. Referred to by Fulton, 


John F.: Muscular Contraction and the Reflex Control Movement, Baltimore, 
Williams and Wilkin, 1926. 
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the sympathetic nervous system and the cranial nerves might lead to 
improvement in speech. 

The connections of the sympathetic with the cranial nerves originate 
entirely from the superior cervical ganglion, passing at times through 
certain subsidiary ganglions. The fifth cranial nerve receives a triple 
supply of sympathetic nerves: from the submaxillary ganglion; from 
the geniculate ganglion, through the small superficial petrosal nerve, and 
from the otic ganglion, through the carotid plexus. The seventh cranial 
nerve receives its supply from the sympathetic nerve by way of the 
jugular ganglion of the vagus nerve. The ninth cranial nerve secures its 
supply from the petrous ganglion. The tenth cranial nerve receives 
large branches directly from the superior cervical ganglion. The twelfth 
nerve has a dual innervation: one directly from the superior cervical 
ganglion and the other through the ganglion nodosum of the vagus nerve. 

The center of any operative measure designed to improve difficulty 
of speech lies, therefore, in the superior cervical ganglion. The ganglion 
also has certain other connections the nature of which should be taken 
into account: (1) the superior cardiac nerve, (2) the rami to the upper 
four cervical nerves and (3) the terminal branches to the carotid and 
cavernous plexuses which are concerned chiefly with the sympathetic 
innervation of the eye and ear. (The severance of these connections 
with the eye will be discussed elsewhere.) In connection only with the 
eye and the ear, no harmful effects have resulted from an operation on 
the superior cervical ganglion, so far as I have been able to observe; a 
partial ptosis may occur, but this gradually clears up. Moreover, the 
division of the superior cardiac nerve does not seem to have a harmful 
effect, and has been performed frequently in cases of angina pectoris. 
The surgical removal of the superior cervical ganglion would thus seem 
to be the most satisfactory method of attacking the problem; unusual 
complications doubtless would not occur. 

The technic for the removal of the ganglion is that described by 
Coffey * in his work on angina pectoris: Incision is made through the 
sternocleidomastoid muscle ; the carotid sheath is retracted forward and 
the ganglion lying mesially on the prespinal muscles is exposed. The 
connections of the ganglion are then severed, the ganglion is removed 
and the wound closed. 

Although attempted in four persons, this procedure has been com- 
pleted in only three. The results are reported at this time. 


REPORTS OF CASES 


CasE 1.—W. B., a man, aged 23, displayed natal duobranio-duobrachio-duoskelic 
cortical rigidity. The mentality was good. When first seen, the patient had a 
great deal of difficulty in walking and in the use of the hands. Speech was accom- 
6. Coffey, Walter B.; Brown, Philip King, and Humber, John Davis: 


Angina 
Pectoris, New Orleans, A. J. Dickersen, 1927. 
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plished with tremendous effort and involved marked facial contortions. The 
extremities had been relieved of some of their difficulties by typical Royle 
procedures more than two years before. The patient was anxious to have the 
speech corrected. The foregoing procedure was proposed to him and was carried 
out in March and May, 1928. 

Before the operation, the patient had difficulty in moving his jaw to the left, 
but could move it rather easily to the right. The tongue could be projected in the 
midline, but could not be put to the roof of his mouth; the lateral deviations were 
extremely ineffective. He had difficulty in pronouncing h, k, s, w and +, although 
ie could speak them in an understandable manner. Speech was labored because it 
vas difficult for the patient to pass from the formation of one sound to that of 
nother. 

After the removal of the left superior cervical ganglion, the patient smiled 
more on the left than on the right side, and his jaw could be deviated more easily 
nd effectively to the right than to the left. The tongue moved more easily to the 
eft than to the right and with a greater range. Speech seemed to be easier both 
bjectively and subjectively; c, q and x were the letters pronounced most poorly. 

A similar operaticn was done on the right side in May, 1928. 

Examination on Sept. 21, 1928, showed that the patient smiled more effec- 
vely on the left than on the right. The jaw now moved equally well to both sides. 
he tongue also moved with about equal facility to both sides. Speech was much 
ess labored than before the removal of the first ganglion, although the patient 
d not use his lips readily. It was thought that with a little training in speech 
e patient might form the labial sounds better. The greatest difficulty was with 
ie letters g and s, particularly when these were combined with the vowels i and o. 
peech was retarded when passing from monosyllables to duosyllables to trisyl- 
ibles, as “use, useful, usefulness.” 


Case 2.—B. R., a girl, aged 12 years, had natal right craniobrachioskelic cortical 
igidity. The mentality was high. The patient had a squint in the right eye. The 
aw moved better to the right than to the left, and the tongue moved more easily 
» the left. She had attended school for a number of years and had had a great 
eal of training in speech which possibly accounted for her peculiar “cog-wheel” 

manner of speaking. 

The difficulty lay in speed rather than in understandability, also in grimaces 
hat accompanied speech. The speech was of the “cog-wheel” type, that is, an 
ncrease in the number of syllables caused greater and greater interruption between 
syllables. 

On Feb. 2, 1928, a right lumbar ramisection was performed, and on June 14, a 
right superior cervical ganglionectomy. On September 21, the following conditions 
were observed: The patient smiled equally on the two sides and moved the jaw 
equally well to the two sides. The tongue, however, moved more easily to the 
left. In speaking there was practically an entire cessation of the facial contortions 
which were present before the operation and which involved not only the perioral, 
but the frontal, muscles. The most notable change in her speech was the almost 
total disappearance of the “cog-wheel” manner of speaking which was noted only 
in the use of trisyllabic words, whereas before operation it was noticeable in 
duosyllabic words. After the operation, the mother of the patient observed not 
only an improvement of speech, but a decided decrease in nervousness. 

Case 3.—J. Z., a girl, aged 9 years, had natal duocranio duobrachio-duoskelic 
cortical rigidity. The condition was severe. The child could neither sit nor stand; 
the use of the hands was greatly diminished, and the patient was so excitable that 
the slightest commotion completely upset her. Her speech, except for one or two 
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words, could scarcely be understood, even by the physiotherapist who had been 
training her. In spite of these difficulties, the child did not have a poor mentality. 
Attempts at speech were made by opening the mouth wide and uttering the sound 
without using the tongue, teeth or lips. During the fall and winter, both the lumbar 
and the brachial sympathetic connections were divided. Marked improvement in 
the ability to control the extremities followed. At present, the patient can stand 
alone for a few seconds. During the June following the first operation, both 
superior cervical ganglions were removed. There was a decided decrease in 
excitability and certain changes appeared in the speech. Before the operation, the 
patient had great difficulty in the use of e and u among the vowels and of j, k, p, 
q and r among the consonants, both alone and in combination. After the opera- 
tion, there was distinct improvement in the ability to make these sounds. In testing 
the speech, each vowel was combined with every possible consonant in an initial 
and a following position, such as in “act” and “cat.” 

The results of the test indicated a decided drift from the impossible and difficult 
to the less degrees of difficulty. Of the consonants, j and & still remained difficult. 
Many words which the patient found impossible to utter before operation, such as 


TABLE 3.—Test of Spastic Patient No. 3 for Ability to Combine Vowels and 
Consonants 
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* The difficulties were graded as follows: (1) impossible, (2) difficult, (3) slightly difficult 
and (4) normal. 

+ B indicates before operation. 

? A indicates after operation. 
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“fi” and “fifi,” “rebble” and “rebellion,” “useful” and “usefulness,” she was able to 
pronounce after the operation, though with difficulty. I was much surprised one 
day after the operation to see the child wheel herself to the door and say distinctly, 
although throatily, “Hello, how are you?” After the operation, the patient used 
short sentences which could be readily understood by any one in the room. There 
was also an effort to talk with the use of the teeth, tongue and lips; these had not 
been used before. The mother remarked that “if the child was learning to walk 
as fast as she was learning to talk, she would soon be running.” 


The foregoing three cases represent three attempts to apply recently 
acquired observations concerning the sympathetic nervous system to the 
improvement of speech in patients with greatly increased muscle tone. 
They would seem to indicate that the muscles used in the formation of 
words and sounds are under the influence of the sympathetic nervous 
system to a certain degree, and that section of the sympathetic nerves in 
certain cases of dysphasia causes an improvement in speech. The cases 
are too few to be more than suggestive either of the exact difficulty that 
may be relieved or of the degree of improvement that may be anticipated. 
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Neurology today holds a position in the various medical centers of 
the world which varies from complete nonexistence to high and complex 
levelopment. Invasion of the field of neurology by different types of 
linicians, the rapid development of psychiatry, the late appearance of 
eurosurgery and the important recent advances in neurophysiology and 
ieuro-anatomy, all help to account for this variability and demand a 
reconsideration of the scope of neurology. 
The diseases of the nervous system present so many unsolved and 
tricate problems that in neurology, perhaps more than in any other 
anch of medicine, the sine qua non of advance is specialized study. 
his specialty, however, is often so subdivided that it ceases to be a 
ecialty at all. In neuropathology lie the hidden clues which clinical 
vance must follow. Nevertheless, a knowledge of neuropathology, 
en present in a faculty of medicine, must often be sought in an 
lated and little frequented corner of a general pathologic laboratory. 
‘urosurgery is often carried on as a side line by a busy general sur- 
on. The neurologist in the department of medicine, who is denied 
ility for study and treatment, may never have learned the possibili- 
s of either science. 
The neurologic clinic which is adequately prepared to meet the prob- 
ms of the nervous system must ignore the artificial partitions that 
parate medicine, surgery and pathology. The pathologic department, 
which keeps neurologic autopsy material for exclusive study, the 

irgical department which insists that neurosurgery must be incidental 
to the work of general surgeons, and the medical department which is 
content to restrict the field of neurology to diagnosis, show the atti- 
tudes which form an almost insurmountable barrier to advance in the 
treatment of diseases of the nervous system. 

A survey of neurology, neurosurgery and neuropathology as they i 
are to be found in the various centers of learning today supports this 
view. 

From the time that neurology first emerged as a specialty, it-has 
suffered a progressive reduction in scope. In addition to its more and 
more clearly defined separation from psychiatry, there have been 
removed from the care of the neurologist patients with many of those 
ailments which are now susceptible of cure by modern methods. Thus, 
treatment for epidemic cerebrospinal meningitis is carried out in internal 


*From the Sub-Department of Neurological Surgery, McGill University. 
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medicine by those familiar with bacteriology and serum treatment in 
general. Poliomyelitis, and even syphilis of the central nervous sys- 
tem, to some extent have also become the province of the serologist. 
Orthopedic surgeons have largely taken over the treatment of patients 
with spastic paralysis and paralytic deformity. It is chiefly the diseases 
for which adequate therapy is lacking that are left undisputed in the 
province of neurology. 

Tumors of the nervous system, because their diagnosis requires 
much specialized knowledge, have continued within the field of 
neurology ; with the introduction of mechanical methods, however, such 
as Dandy’s ventriculography, and with the increased efficiency of neu- 
rosurgeons, the neurologist has not infrequently been set aside even in 
these cases. 

For the so-called functional neurologic cases, there has also been 
developed a therapy sometimes adequate and often inadequate, but nev- 
ertheless therapy. It includes psychoanalysis, faith healing, hypnosis, 
mental hygiene, gland therapy, etc. Some neurologists have entered this 
field and have lost touch with organic neurology. Some psychiatrists 
have entered the field without having an interest in organic neurology. 

In view of the gradual dismemberment of the science, it is less sur- 
prising to find so few distinguished centers of clinical neurology in the 
world today. It cannot be denied that in such a clinic as the National 
Hospital of London, clinical teaching is at a high level. Also, the plans 
laid out by the University of Amsterdam for Brower’s clinic seem to 
leave little to be desired for completeness. Such clinics are rare. On 
the continent of Europe, chairs created for combined teaching of neu- 
rology and psychiatry have come to be occupied by men who are 
interested in psychiatry rather than in organic neurology. At present, 
one searches in vain for great teachers of clinical neurology of the type 
of Erb and Oppenheim in Germany, and Charcot, Marie and Déjerne 
in France. 

Neurology, when the term is taken in the broadest sense, has recently 
made great strides forward. Physiologists such as Sherrington, Mag- 
nus, Pavlov and Langley have made significant contributions. Neuro- 
anatomy also, particularly in the Dutch school, is progressing rapidly. 
Neurohistology in the laboratories of Cajal and Vogt has opened up 
new horizons for the clinician. 

New work in neuropathology has also gone far. It is significant 
that advances in this subject have rarely come from general patholo- 
gists, if one excepts Virchow, who must be considered an exception 
to any classification. It is true that useful technical methods have been 
provided by general pathologists, for example, Weigert and Mallory, 
but neuropathology has been carried forward by neurohistologists such 
as Achucarro and Del Rio Hortega, and by men trained and interested 
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in clinical neurology and psychiatry such as Alzheimer, Nissl, Spiel- 
meyer, Marie, Roussy, Wilson, Greenfield, Spiller and Bailey, and a 
host of neurologists whose pathologic studies were a part of their clini- 
cal work. The achievements of such men form the strongest argument 
for the concentration of neuropathologic material in neurologic and in 
psychiatric laboratories. 

Striking recent development has taken place in the field of neuro- 
surgery. Established as a specialty by Horsley, and elaborated and 
refined by Cushing, neurosurgery has come into its own in the United 
States. In general, this specialty has been carried out successfully by 
specializing surgeons who, thanks to their ever-increasing clinical expe- 
rience, have gradually developed also into neurologists. 

The need of neurology as a clinical entity is that it should carry out 
all of its own therapy. A purely diagnostic specialty cannot survive. 
Let it be granted that neurologists are the best equipped for antisyphi- 
litic therapy, for the observation of encephalitis and for the treatment of 
psychoneurotic patients. That is not enough. Others can treat or 
observe patients with all of these conditions more or less satisfactorily. 

Neurology must go a step further and embrace completely the ther- 
ipy of its domain, including neurosurgery. Neurosurgery can be well 
lone only by a surgeon who was in the beginning, or who became by 
experience, a neurologist. 

Diagnosis and care in organic neurologic cases susceptible and not 
susceptible of surgical attack require the same clinical and pathologic 
training ; that is, training in neurology, in neuro-anatomy, in surgery 
and in neuropathology. Obviously, neurosurgery can be done well only 
by a surgeon who devotes his entire time to that specialty. This fact 
is well demonstrated by the condition of neurosurgery in Europe at 
present, even in such large centers of population as Berlin and Vienna, 
where there are no specializing neurosurgeons and little neurosurgery 
is practiced. 

On the other hand, exclusive and successful development of neuro- 
surgery has demonstrated it to be invariably in close alliance with 
neurology. At Queen’s Square, Horsley, as surgeon and neurophysiolo- 
gist, created neurosurgery in a neurologic clinic with the help of 
neurologists of great vision such as Hughlings Jackson and Gowers. 
Other examples are Spiller and Frazier, the former a neurologist and 
neuropathologist, and the latter a surgeon who became a neurologist ; 
Cushing, a neurophysiologist and surgeon who during his brilliant 
career as neurosurgeon has become a neurologist and neuropathologist, 
and Foerster, a professor of neurology and a distinguished neuro- 
anatomist, who has made of himself a neurosurgeon. However varied 
the approach, the outstanding neurosurgeons have come to have inter- 
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ests and insight in common with neurologists. In fact, they have become 
neurologists if they were not at the start. 

The conclusion is not that all neurologists must perform operations 
(from a practical point of view, that is impossible, at present), but that 
the neurologists who perform operations and those who do not should 
be included in the same department, and should be given complete 
facilities for studying the disease entities which are their common 
problems. 

This does not mean necessarily that isolation or absolute demarcation 
of such a department is necessary. On the contrary, when neurol- 
ogy is equipped with these facilities it should benefit by close associa- 
tion with general surgery in the operating room; with medicine, surgery 
and psychiatry in the clinic, and with pathology, medicine and psychiatry 
in the laboratory. 

Only thus will neurology, coming into its own as a specialty, be able 
to grapple with its proper problems and do its part in the great under- 
taking that lies before the science of medicine today. 
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Seventy years have elapsed since Cruveilhier* gave the medical 
world an anatomic description of the sacculations or outpocketings 
from the wall of the bowel which are known today as acquired diver- 
ticula. In 1853, Virchow * pointed out the presence of isolated, circum- 
scribed, adhesive peritonitis of the colon, found most frequently at its 
arious flexures. He was aware of some pathologic process which 
‘roduced local inflammatory changes in the intestinal wall, in its cover- 
ngs and in the mesentery and organs immediately surrounding it. He 
save a perfect description of peridiverticulitis, but failed to appreciate 
vhat lay behind the condition he was describing. Windsheid,* in 1889, 
dded further description of similar cases, but it was not till Graser,* 
oward the close of the century (1899), demonstrated the association 
‘f acquired diverticula with these pathologic changes that a clear under- 
tanding of the condition was attained. Since then many other writers, 
iotably Telling,® Beer,® Moynihan,’ W. J. Mayo,* McGrath,® Gant,*° 
Vilson ™ and Miller,’* aided by the x-rays, have added materially to the 
snowledge of this pathologic condition, some instances of which are 
ipparently innocuous, while others present problems of the gravest 
liagnostic and surgical difficulty. 


* From the Surgical Clinic of the Peter Bent Brigham Hospital, Boston 
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red blood cells, 5,800,000; 
hemoglobin, 85%; 
temperature, normal 


Wassermann test, nega- 
tive; urine, numerous 
white cells and casts; 
hemoglobin, 80%; red 
blood cells, 5,120,000; 
white blood cells, 16,900; 
temperature, 103 F. 


Wassermann test, nega- 
tive; urine, moderate 
amount of pus; hemo- 
globin, 80%; red blood 
cells, 5,300,000; white 
blood cells, 8,800; tem- 


perature, normal to 100 F. 


Urine, red and white 
cells; slight trace of 
albumin; phthalein, 40%; 
hemoglobin, 80%; white 
blood cells, 39,000; red 
blood cells, 4,064,000; 
temperature, 101 F. 


Urine, negative; white 
blood cells, 25,800; 
hemoglobin, 100%: 
temperature, 100 F. 








Coincident 
Pathologic 
Processes 


Treat- 
ment 


Palliative 


Palliative; 
dietary 


Palliative 


None Asthma 


Diabetes 


Aleoholism; 
hypertension 
? peptic ulcer 


Untreated Chronic car- 
diae disease; 
varicose veins 


Untreated Generalized 


renal disease 


Untreated Chronic cys- 
titis and pyel- 
itis; uleer of 


stomach 


Palliative Urethral 


stones 


1. Opera- 
tive: ceeos- 
tomy; 2. re- 
section of sig- 
moid; 3. closure 
of sigmoidos- 
tomy; 4. closure 
of cecostomy 


Arterial 
selerosis 


Compli- 
eations 


None 


None 


Result 


Died 2 mos. 

later of supposed 
apoplexy while 
taking a bath 


Autopsy 


Died 5 mos. 
later of 
insanity 


Relieved of 
symptoms 


Relieved of 
symptoms 


Died 2% yrs. 
later, cause 
unknown 


Relieved of 
symptoms 


Relieved of 
symptoms 


Intestinal 
condition 
revealed 

post mortem 


Untraced 


Works regu- 


larly but has 
fainting spells 


“In perfect 
health” 











F. B. 
Case 13 


E. D. L. 


Case 16 


B. A. 
Case 17 


M. T. O. 


Case 18 


Ward 
or 


Private, 
Age, Sex 


Ward 
> 


42 
Male 


Ward 
3 
Male 


Wara 
65 
Female 


Ww ard 


Male 


Pri vate 


od) 
Male 


Ward 


oO 
Female 


Private 
61 
Male 


. Private 


63 


Female 


Private 


oS) 
Male 


Private 


Male 


z ard 
Male 


Color; 
Married, 
Single, 
Widowed 
White 
Single 


White 
Single 


White 
Single 


White 
Widowed 


White 
Married 


White 
Married 


White 


Married 


White 
Single 


White 
Married 


White 
Married 


White 
Married 


Variety 
of 
Lesion 


Group 3 


Group 3 


Group 4 


Group 3 


Group 2 


Group 2 


Group 1 


Group 2 


Group 2 


Group 2 


Group 1 


Stool 
Exami- 
nation 


Negative 


Positive 
guaiac test; 
positive 
benzidine 
test 


Normal 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 


Positive 
benzidine 


Number of 
Diverticula, 
Location 


Multiple; 
sigmoid 


Number unde- 
termined; 
descending 
colon 


Mulitple; 
sigmoid 


Undetermined 


Multpile; duo- 
denum, small 
bowel, descend- 
ing colon 

and sigmoid 


One; deseend- 
ing colon 


Three to five; 
sigmoid 


Eight to ten; 
middle third 
of deseend- 
ing colon 


One; deseend- 
ing colon 


Multiple; 
descending 
colon and 
sigmoid 


Multiple; 
sigmoid 


test; negative 


guaiac test 





Ts ABLE . ito of 


— 
— 


Symptoms and Signs 


No past history; cramplike pain in lower 
part of abdomen 24 hours before admis. 
sion; no nausea or vomiting; Se 
normal; distention; tense spasm 
lower part of abdomen; slight ~ he 
in both lower quadrants 


Nineteen days duration; sudden, severe, 
crampy abdominal pain in both lower 
quadrants; worse on the left; vomiting 
and diarrhea; pain relieved by latter; 
mass in left side of lower part of abdo- 
men the size of a grapefruit; soft, 
tympanitic, moderately tender 


For two years attacks of moderate 
eramplike pain in lower part of abdo- 
men with nausea and vomiting about 
once a month; constipation; abdomen 
spastic in lower part; tenderness to 
pressure; mass palpable by pelvic exam 
ination, posterior to uterus 


Debility for two to three years; tender- 
ness in abdomen for seven weeks; chills 
and fever; increasing constipation and 
gas in abdomen; slight tenderness and 
spasm in lower left quadrant; tender 
ness by rectum 


Cramplike pain, tenderness, 
vomiting and spasm, without 
tumor, of three days’ duration, 
left quadrant 


nausea, 
palpable 
) lower 


Gaseous eructations, inflatus, disten- 
tion, nausea, constipation for two 
years, increasing during past month 


Abdominal symptoms of three years’ 
duration, typical of duodenal ulcer; dis- 
tress after eating; attacks of pain re 
lieved by food; occasional vomiti 
slight tenderness in epigastrium and 
right upper quadrant 


Attack of indigestion with severe 
eralized abdominal pain, gas, dis 
nausea, vomiting ten years ago; Ife 
lieved by bowel movement; one month 
ago recurrence of similar story: pain 
in lower left quadrant 


For two years attacks of cramplike 
abdominal pain with constipation, naw 
sea, vomiting, with entire relief follow 
ing evacuation of the bowels 


gen- 
ntion, 


Discomfort at crest of ileum for one 
year; attacks of nausea, dizziness 
sweating; constipation; symptoms Te 
lieved by light diet 











Cases—Continued 


—_—_— 
= 


Roentgen 
Observations 


Not don 


Not do 

Spastic a2 cm. 
in lengt 1 lower 
sigmoid; numerous 
divertic:.!a above 
this po second 
area oO! sm In 
upper s oid 
Persist narrow- 
ing an ism 

in sig? 


Divert i in duo- 
denum all bowel, 
descen: colon 
and sig d 

Single rticulum 
in lowe rt of 
descen« colon 
Duoder ileer; 
three to ‘ive 
diverticiiia in 
sigmoi 

Fight to ten 


diverticula in 
middle third of 


descendi:g colon 


cending colon 
quite irritable 


Multiple diverticula 


in sigmoid and 


descending colon; 
stone in left kidney 


Not done 





Single diverticulum 
in ascending colon; 
sigmoid and des- 


Urine, slight trace of 
albumin; white blood 
cells, 11,900; hemoglobin, 
temperature, 101 F. 


85%: 


Urine, slight trace of 
granular and 
hyaline easts; white 
blood cells, 24,000; hemo- 
globin, 73%; red blood 
cells, 5,100,000; temper- 

» 100 F. 
Urine, slight trace of 


few red and 
white cells and hyaline 


sugar; 


ature 


albumin; 


Laboratory 
Observations 


easts; white blood 


cells, 


ture, 


Urine, negative; white 


10,200: tempera- 


101 F 


blood cells, 12,000; 
hemoglobin, 90%; 


Urine, slight trace of 
albumin and red cells; 


temperature, normal 


hemoglobin, 90%; 


white blood cells, 13,000; 
temperature, 100 F. 


Urine, negative; 
phthalein, 60%; 
hemoglobin, 95%; 


white blood cells, 9,200 


Urine, negative; 


mann test, negative; 
white blood cells, 6,200; 
red blood cells, 4,900,000; 


hemoglobin, 85%: 


temperature, normal 


Urine, negative; 
hemoglobin, 80%; 


white blood cells, 8,900; 
temperature, 








normal 


Treat- 
ment 


Suture of 
perforation 
in sigmoid; 
drainage of 
peritonitis; 
transverse 
eolostomy 


Drainage of 
peritonitis 


Transverse 
colostomy 


Drainage 
of pelvic 
abscess 


Palliative 


Palliative 


None; no 
indication 


Coincident 
Pathologie Compli- 
Processes cations 


None None 


Cg! a ee 


Auricular None 
fibrillation 


Weeeee . . -ccces 
veins; 
arthritis 


to diverticu- 


litis 


None 





Urine, negative; 


phthalein, 50%; Wasser- 
mann test, negative; 


hemoglobin, 95%; 


white blood cells, 9,800; 
red blood cells, 5,392,000 
Urine, slightest possible 
trace of albumin; occa- 


sional white cells; 


phthalein, 60%; white 
blood cells, 


hemoglobin, 80%; 


temperature, normal 


slight trace of 
Wassermann 
test, negative; phthalein, 


Urine, 
albumin; 


25%; hemoglobin, 


red blood cells, 3,880,000; 
white blood cells, 12,800; 
temperature, 100 F.; also 
in urine, rare white cells 
and hyaline casts 


10,800; 





Palliative 


Left pyel- 
otomy for 
nephro- 
lithiasis 


Not treated 


None None 
Chronic None 
myocarditis 

Ulcer of None 
duodenum 

None None 


None None 


Silent stone None 
in kidney 


Chronie myo- ..... 


(from stand- carditis; hyper- 


point of 


diverticula) 





tension; auric- 
ular fibrilla- 
tion; nephritis; 
generalized arte- 
rial sclerosis; 
cholelithiasis; 
infarct of lung 


Result 
Died in 24 


hours of 
peritonitis 


Died 3 days 
later of peri- 
tonitis 


Autopsy 


Shows B. coli 
peritonitis; 
multiple 
diverticula 

in sigmoid 


Fistula still drain- 
ing from pinpoint 


opening; occa- 


sional blood by 


enema; pelvic ex- 
amination shows 


freely movable 


nontender mass; 
general condition 


improved; has 


occasional attacks 


of fibrillation 


Reports com- 
pletely re- 
lieved; “‘well’’ 


Completely 


relieved; ‘‘feel- 


ing fine’’ 


“Able to be up 


and around” 


On later hospital 


entry posterior 
gastro-enteros- 


tomy done; symp- 
toms unchanged 


Untraced 


Improved 


“Tn fine con- 
dition’’; no 
complaint 


Died of 
coincident 
pathologic 
process 


Condition in 
sigmoid first 
discovered 
at autopsy 
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L. G. 
Case 23 


or 
Private, 


Age, Sex 


Ward 
68 


Male 


Ward 
58 
Female 


Private 
53 
Female 


Ward 
48 
Female 


Ward 
68 
Female 


Private 
6 
Female 


Ward 
60 


Female 
Private 


67 
Male 





Color; 
Married, Variety 
Single, of 
Widowed Lesion 


White 
Married 


Stool 
Exami- 
nation 


Group 1 Normal 


White 


Group 2 
Widow 


Normal 


White 


Group 2 
Widow 


Much 
mucus 


White 


Group 3 
Widow 


Normal 


White 


Group 1 
Widow 


Normal 


White 


Group 4 
Widow 


Negative 


White 


Group 3 
Married 


Negative 


White 


Group 3 
Married 


Negative 


White 


Group 3 
Married 


Negative 


Number of 
Diverticula, 
Location 
Multiple; 
sigmoid 


Multiple; sig- 
moid and des- 
cending colon 


Multiple; 
throughout 
whole bowel, 
most marked 
in sigmoid 


One; sigmoid 


Multiple; 
entire colon 


Multiple; 
sigmoid 


One; cecum 


One; sigmoid 


Undetermined; 
sigmoid 


TABLE 1.—Report of 


— - —— 


—— 


Symptoms and Signs 


Three months of loss of weight and 
appetite; attacks of vomiting following 
taking food; sense of fulness in the 
abdomen 


Recurrent attacks of generalized abdom- 
inal pain, chiefly in lower left quadrant: 
nausea and vomiting; occasional blood 
in stools (hemorrhoids present); marked 
constipation; questionable mass 


Abdominal] discomfort relieved by flatus 
and discharge of soft mucous stools, 
for one year 


Shooting pains in lower left qi 
diarrhea of eight days’ duration: previ- 
ous (4 years ago) diagnosis of chronic 
spastic colitis; extreme tenderness and 
voluntary spasm in lower left q: adrant 
and palpable mass by abdominal and 
pelvie examinations 


drant; 


Negative as far as diverticula 
eerned 


Grumbling pain in lower part of abdo- 
men of from four to five years’ dura- 
tion, with some symptoms of cbstrue- 
tion; dysuria; constipation; mass pal 
pable by rectum in pouch of Douglas 


Pain in right lower quadrant; 


tender- 
ness, vomiting, constipation 


Poor 
years; 
urine 


appetite and 


constipation for 
only acute 


symptom, cloudy 


Persistent diarrhea for one year; severe 
steady pain over whole lower part of 
abdomen, particularly before admission 
to the hospital,.enemas giving no relief; 
tense tympanites in left part of abdo- 












Cases—C ontinued 


— 
= 






Roentgen 
Observations 
Multiple small 
diverticula in 
the sigmoid 


























Sigmoid s})«stie, irri- 
table and arrow; 
multiple « rtieula 
decreasing (toward 
flexure o <cend- 


ing color 


Multipk rticula 
through bowel 
most ma {in 
sigmoid 


Not dor 











Multiple «ii vertieula 
in entire 









Not don: 













Not done 







Fistula between 
sigmoid and 
bladder 











Not done 







Laboratory 
Observations 


Wassermann test, nega- 
tive; gastric analysis, 
achylia; phthalein, 0; 
urine, trace of albumin; 
fixed spastic gravity; 
numerous white cells; 
Many granular casts; 
hemoglobin, 65%: 

red blood cells. 3,470,000; 
white blood cells, 5,880; 
temperature, 99 F. 
Urine, negative; 

white blood cells, 6,600: 
hemoglobin, 80%: 

red blood cells, 5,300,000; 
temperature, 99 F. 


Wassermann test, nega- 
tive: urine, negative; 
hemoglobin, 70%: 

red blood cells, 4,600,000; 
white blood cells, 7,000; 
temperature, 99 F. 


Wassermann test, nega- 
tive; urine, numerous 
white cells, rare hyaline 
casts; hemoglobin, 85%: 
red blood cells, 4,900,000; 
white blood cells, 18,000; 
also trace of sugar 

in urine 


Wassermann test, nega- 
tive; urine, slight trace 
of albumin, hyaline and 
granular casts, few 
white cells; white blood 
cells, 13,200; red blood 
cells, 4,300,000; hemo- 
globin, 80%: tem- 
perature, 102 F. 


Urine, negative; white 
blood cells, 7,100: 
hemoglobin, 85%: 
temperature, 100 F. 


Urine, normal; hemo- 
globin, 85%; white 
blood cells, 13,800; 
temperature, 99 F. 


Badly infected urine; 
phthalein, 35%; white 
blood cells, 33,000; Was- 
sermann test, negative; 
temperature, 103 F. 


Urine, trace of albu- 
min; granular casts; 
white blood cells, 20,000; 
hemoglobin, 80% 








Coincident 
Treat- Pathologic Compili- 
ment Processes eations 


Not treated Chronic _...... 
nephritis; 
red edema; 
uremia 


Palliative Hypertension None 


Palliative Diaphrag- __....... 
matic hernia 
of stomach; 
cholelithiasis; 
nephrolithiasis 


Operative: Mild diabetes None 
drainage of 

abscess 

located 

posterior 

to uterus, 

along side 

of dilated 

sigmoid 


None from Acute bron- None 
standpoint chitis; 

of divertie- chronic 

ulitis arthritis 


IID once can wcua > tame 
1. drainage of 
pelvie abscess; 

2. resection of 
pelvic colon; 

3. colostomy; 

4. secondary 

repair of recto- 
sigmoid anastomo- 
sis; 5. closure 

of colostomy 


Excision of None None 
diverticula; 
appendectomy 


Operative: Pyelitis; ..... 
1. colos- cystitis 

tomy; 2. 

closure of fis- 

tula of bladder; 

partial resec- 

tion of sigmiod; 

3. closure of 

colostomy 


Colostomy None Peri- 
for diver- 

ticulitis and 
gangrene of 
sigmoid 


Result Autopsy 


Died 2 weeks Autopsy not 
after entry done 

to hosiptal 

of coincident 

pathologic 

process 


One year after 
discharge from hos- 
pital had a severe 
attack with blood, 
pain, nausea, con- 
stipation and ob- 
struction; finds 
that a tablespoon- 
ful of mineral oil 
relieves bowel 
difficulty 


Relieved of 
symptoms 


Reexamination by 
enema showed the 
colon to fill com- 
pletely and well; 
eareful search 
failed to show any 
evidence of diver- 
tieula; a film after 
evacuation shows 
almost complete 
emptying; impres- 
sion: normal colon 
Improved; 
untraced 


Untraced 


Well 


Died 2 years 
after dis- 
charge, of 
urinary 
infection 


Died 2 days 


tonitis later 














Ward 
or 
Private, 
Age, Sex 


Ward 
43 
Male 


Ward 
34 
Female 


Ward 
55 
Male 
Ward 


16 
Female 


Ward 
30 
Male 


Private 
64 
Male 


Ward 
70 
Female 


Ward 
66 
Male 


Private 
50 
Male 


Ward 
35 
Female 


Private 
62 
Female 


Private 
48 
Male 


Private 
64 
Female 


Widowed 


White 
Married 


White 
Married 


Colored 
Separated 


White 
Single 


White 
Married 


White 
Married 


White 
Married 


White 
Separated 


Variety 
of 
Lesion 
Group 3 


Group 3 


Group 3 


Group 2 


Group 3 


Group 3 


Group 2 


Group 1 


Exami- 
nation 


Negative 


Negative 


Mucoid, 
grayish 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 


Gross 
blood 
and pus 


Number of 
Diverticula, 
Location 


Multiple; 
sigmoid 


One or more; 
sigmoid 


Undetermined; 
sigmoid 


Multiple in des- 
cending colon; 
one in ascend- 
ing colon 


Multiple; 
sigmoid 


Multiple; sig- 
moid flexure 


Multiple; 
colon 


Undetermined; 
sigmoid flexure 
of colon 


Undetermined; 
descending 
colon 


Multiple; 
colon 


Several; 
sigmoid 


Two; sigmoid 


Multiple; 
upper sigmoid, 
lower descend- 
ing colon 


TABLE 1.—Report of 


oe —_ FT 
—_————————— 


Symptoms and Signs 


Nausea; vomiting; general abdominal 
pain, following marked constipation 
and diarrhea alternately; signs of gen. 
eral peritonitis 


Pain in lower part of abdomen for two 
months, particularly in lower left quad. 
rant; painful micturition; abdominal 
tenderness over lower left quadrant; 
pelvic examination shows hard, firm 
mass in left side; moderately tender 


Abdominal pain and distention of six 
months’ duration; nausea and vomit- 
ing; loss of weight; marked dulness to 
percussion in left flank with tenderness; 
mass palpable; scrotal extension 


Hysterectomy one year previous for 
soreness and pain in lower part of ab- 
domen with persistent constipation; 
tenderness in the abdomen of three 
months’ duration with severe colicky 
pain in both lower quadrants before 
admission; slight nausea 

Attacks of acute 
associated with dietetic indiscretions; 
constipation; acute sharp pain before 
admission to the hospital, without radi- 
ation to the abdomen; abdominal ten- 
derness with vomiting 


Long standing urinary 
vesicosigmoid fistula 


indigestion always 


infecticn with 


Constipation for 25 years; 
indigestion four years ago; 
bleeding piles for seven years 


attack of 
has had 


Negative 


Negative; fleeting attacks of abdominal 
pain 


Negative 


Negative; attack of abdominal pail 
with diarrhea 


Generalized abdominal pain; localized 
pain in lower left quadrant, growing 
cramplike; constipation; high temper 
ature 


Pain in lower left quadrant with com 
stipation, nausea and vomiting, pail 
growing steadily more severe; blood @@ 
stools 











Cases—Continued 


Roentgen 
Observations 


Not done 


Not done 


Not done 


iculum in 
colon; 
scending 


One diver 
ascendin: 
many in 


Irregula: 
spasm in s 
flexure 


Multiple |‘ vertieula 


in sigmo 


Not don 


Diverticulitis 
involving sigmoid 
flexure of 

the colon 


Three round, iso- 
lated, movable 
masses in descending 
colon; may be 
residue in 

diverticula 


Multiple diverticula 
in colon 


Irritable descending 
colon; several 
diverticula 

in sigmoid 


Two diverticula 
in ascending colon 


Multiple diverticula 
in upper sigmoid 

and lower descending 
colon; mass medial 
to lower end of 
descending eolon 


Laboratory 
Observations 


White blood cells, 16,000; 
urine, not done; 
temperature, 103 F. 


Urine, slight trace of 
albumin, pus, red and 
white cells; white 
blood cells, 17,000; 
hemoglobin, 90%; 
temperature, 100 F. 


Urine, pus and white 
cells, occasional casts, 
slight trace of albumin; 
white blood cells, 19,000; 
temperature, 101 F. 
Urine, white cells; white 
blood cells, 7,800; 
hemoglobin, 75% 


Urine, many hyaline 
and granular casts, 
few white cells; white 
blood cells, 15,000; 
hemoglobin, 85%; 
temperature, 99.6 F. 


Urine, many white cells 
and trace of albumin; 
phthalein, 55%; 
hemoglobin, 90%; 
white blood cells, 11,200; 
temperature, 99 F. 


Wassermann test, nega- 
tive; urine, negative; 
hemoglobin, 75%; 

red blood cells, 4,200,000; 
white blood cells, 4,800; 
temperature, normal 


Wassermann test, nega- 
tive; urine, negative; 
hemoglobin, 69%; 

red blood cells, 5,376,000; 
white blood cells, 7,550; 
temperature, normal 


Wassermann test, nega- 
tive; phthalein, 52%; 
urine, rare hyaline casts; 
considerable mucus; 
hemoglobin, 106%; 
white blood cells, 9,000 


Wassermann test, nega- 
tive; urine, negative; 
hemoglobin, 75%; red 
blood cells, 4,920,000; 
white blood cells, 9,550; 
temperature, normal 


Phthalein, 60%; urine, 
negative; white blood 
cells, 7,100; red blood 
cells, 4,200,000; tem- 
perature, normal 


Urine, rare white cells; 
hemoglobin, 80%; 
temperature, 102 F.; 
white blood cells, 21,000 
Urine, rare white cells; 
hemoglobin, 80%; 
white blood cells, 14,700; 
temperature, normal 
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Coincident 
Pathologic 
Processes 


None 


Treat- 
ment 


Abdominal 
drainage for 
general peri- 
tonitis from 
diverticulum 
in sigmoid 


Closure of 
perforated 
diverticulum 
of sigmoid; 
bilateral sal- 
pingectomy 
Drainage 

of pelvic 
abscess 


None 


None 


Palliative None 


Drainage 
of pelvic 
abscess 


None 


Operative: None 
1. resection of 
fistula; colos- 
tomy; 2. resec- 
tion of sig- 

moid; repair 

of fistula; 

3. closure of 
eolostomy 


Not treated Auricular 
fibrillation; 


pulmonary in- 


Compili- 
cations 
Peri- 
tonitis 


Pelvic 
peri- 
tonitis 


Post- 
opera- 
tive 
fecal 
fistula 


None 


None 


farction; renal 
infarction; leio- 
myoma of uterus; 


cholelithiasis 


Not treated Emphysema 


Not treated Hypochlo- 


hydria 


Not treated 
sis; chronic 
cystitis 


Palliative None 


Operative: 
drainage of 
abscess and 
cecostomy 


Operative: 
cecostomy; of ptosed 
drainage of loop of 
abscess; colon 
transverse 

colostomy 


Peritonitis; 
fistula, fecal 


Carcinoma 


None 


Psychoneuro- None 


None 


Infee- 
tion of 


Autopsy 


No recurrence; 
well 


No recurrence; 
well 


Untraced 


No recurrence; 
well 


Died 2 years 
after discharge 
of heart 
trouble and 
edema of 
lungs 


Died 10 days 
after admis- 
sion of 
coincident 
pathologic 
process 


Coincident 
pathologic 
processes 
revealed at 
autopsy 


Untraced 


“Condition has 
been good” 


Condition 
unchanged 


Very well; no 
bowel trouble; 
no symptoms 


Improved; 
fistula drains 
oecasionally 


Died of carci- 
nomatosis 


abdom- months after 


inal 
wall 
around 
sinus 


leaving hospital 























1348 ARCHIVES OF SURGERY 
The forty-four cases reported here represent all the proved instances 
of diverticula to be found in 56,000 patients admitted to the hospital 
over a period of fourteen years. They are presented in such a way as 
to render comparison and analysis of symptoms, treatment and results 
as clearly as possible. 

In the forty-four proved cases in this record, seventeen of the 
patients were admitted to the medical service and twenty-seven to the 
surgical service. They are to be found about as evenly distributed 
among the better class as the poor (twenty-five charity patients and 
nineteen private patients). There is a somewhat larger percentage of 
cases in females than is usually recorded. Most observers find them 
twice as frequently in males as in females. Twenty-five of these cases 
were in males and nineteen in females. The disease may occur in any 
decade of life, but is commonest between the ages of 40 and 60. The 
youngest patient in this series was 12 years old, and the oldest, 77. 
Twenty-one of the cases (the majority) occurred in the sixth decade of 
life, and nine (the second largest number) in the fifth decade. 

Acquired diverticula of the large bowel are found in the ascending 
and transverse colon, much more frequently in. the descending colon, 
commonly in the sigmoid, and extremely rarely in the rectum. In this 
series, twenty-five were in the sigmoid and twelve in the descending 
colon. Eight cases showed them distributed throughout the entire 
colon; one case showed the disease confined to the ascending colon and 
one to the cecum. 

Numerous ways of classifying intestinal diverticula have been pro- 
posed. I have adopted the one which combines the clinical picture with 
the pathologic changes as being the best suited to a general study of 
this kind. Five groupings are made: 


Group 1: Cases showing no clinical symptoms (ten). 
Group 2: Cases showing symptoms but no abscess, fistula or peritonitis 
(eighteen). 
Group 3: Cases showing peridiverticulitis (abscess, fistula and peritonitis 
included) (thirteen). 
Group 4: Cases showing peridiverticulitis plus obstruction (two). 
Group 5: Cases showing coincident carcinoma (one). 






In the cases in groups 2, 3 and 4, one or all of the following patho- 
logic conditions may be found: chronic extramucosal inflammation ; 
adhesions to adjacent structures; perforation resulting in general peri- 
tonitis; acute gangrenous inflammation of sigmoid around the diver- 
ticula; local abscess formation; fistulas between the seat of the trouble 
and neighboring organs (notably in bladder); chronic mesenteritis, 
with thickening, kinks and adhesions ; and metastatic suppuration of the 
liver. Group 5 includes only those cases in which there is an intestinal 
carcinoma within or near the diverticula. The diagnosis in symptom- 
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less cases is made by the roentgen examination. Here their presence is 
chiefly important from the standpoint of what may develop later. 

A perusal of the histories of the cases in the other four groups 
shows a far more characteristic story and clinical observations than is 
usually believed true. There may be a story of disability which has 
been present for years. Usually, however, unless the condition is 
recognized and the patient treated, the past history covers a rather 
irbitrary period of two years. Again, there may be no symptoms what- 











Fig. 1 (group 1, case 29).—Miultiple silent diverticula throughout entire colon. 


ever until the onset of acute trouble just before admission to the hospital. 
In cases of long-standing chronic trouble, one finds a story of vague 
discomfort in the abdomen, indigestion, gas and increasing but not per- 
sistent constipation alternating with diarrhea, occasional cramps and a 
subnormal feeling. Loss of weight is not a characteristic symptom. 
With the onset of an acute condition, the picture changes rapidly, and 
the differential diagnosis becomes difficult. There is a moderately 
high fever, leukocytosis, constipation or profuse diarrhea, diffuse 
tenderness or localized spasm and a palpable mass. Unless there is an 
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obstruction, vomiting is absent. Blood that can be observed macro- 
scopically in the stool is rare; even that observed microscopically, as 
found by benzidine or guaiac test, is not common. In thirty-three cases, 
blood was not found by any test. In five, there was a positive benzidine 
and in one a positive guaiac test. The highest white cell count was 
39,000 with the average leukocytosis about 18,000. 

In the first two groups of cases, i.e., those in which there were no 
symptoms and those in which there were symptoms but no peridiver- 


Fig. 2 (group 2, case 21).—Diverticula in descending colon and sigmoid; left 
kidney stone. 


ticulitis, the diagnosis may be made by the roentgen examination, 
depending on the keeness with which the fluoroscopic examination is 
made and the plates are read. Small diverticula, few in number, may 
appear to be only bits of retained barium sulphate. Frequently, how- 
ever, there is an accompanying spasm of the bowel in the affected area 
which calls attention to the presence of a pathologic process. In such 
cases, if one looks carefully for diverticula they are usually visualized. 
In acute cases, the differential diagnosis is complicated. The two lesions 
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most commonly confused with diverticulitis are appendicitis, either in its 
normal position or left-sided, and carcinoma. Tuberculosis, intestinal 
obstruction, so-called chronic sigmoiditis, fecal impaction, foreign bodies, 
disease of the adnexa, tumor of the bladder, etc., must be ruled out if 
one is to differentiate accurately. Roentgen examination in acute cases 
by means of a barium sulphate enema as a means of making a diagnosis 
is extremely dangerous unless wisely used. The danger of perforation 
under such circumstances is very real. In one case in this series, the 





Fig. 3 (group 2, case 42).—Irritable descending colon; several diverticula in 
sigmoid; abdominal pain and diarrhea; improvement under medical treatment. 


condition was converted into peritonitis with a fatal termination by this 
means. 


No more puzzling diagnostic problem can be encountered than is 
presented by those cases in which a carcinoma exists with the diver- 
ticulitis. Fortunately these cases are comparatively rare, although some 
writers have found the incidence running as high as 25 per cent 
(McGrath®). In this series, however, only one case fell in the last group- 
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ing. The preoperative diagnosis under such circumstances is no more 
difficult as far as the diverticulitis is concerned, but is extremely so from 
the standpoint of the double diagnosis. Even at the operating table, 
the picture is frequently almost impossible to recognize: The desir- 
ability of early and wide resection when carcinoma exists has all too 
often led to radical and fatal treatment for the diverticulitis. The 
operative mortality could be materially reduced if the lesion could be 
segregated from the carcinoma and resection delayed. Even frozen 


Fig. 4 (group 2, case 16).—Diverticulitis of sigmoid; pain, tenderness, nausea 
and left lower abdominal spasm, relieved by medical treatment. 


sections are unreliable in cases of doubt, because so frequently it is 
impossible to tell from which part of the whole mass to cut tissue for 
pathologic examination. So many explanations of the etiology of 
this disease have been offered that one may be excused for looking with 
some suspicion on any of them. Various writers have attributed these 
false outpocketings of the intestinal walls to inherited weakness of the 
wall, gas or fecal distention, advancing age with weakened musculature, 
wasting disease such as cancer and tuberculosis, colitis of long standing, 
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intestinal atrophy, hemorrhagic mesenteric infarcts, worms, obstruction, 
dilated glands, enlarged véssel openings in the bowel wall and to the 
normal weak areas about the appendices epiploicae of the large bowel. 
(he majority of observers agree that the latter fact most often explains 
the beginning of trouble. 
Successful treatment in any case of colonic diverticula can be carried 
t only with a clear understanding of the course of the disease and its 
»ossible complications. Too little attention has been given to the seem- 





Fig. 5 (group 2, case 2).—Maultiple diverticula throughout entire colon ; alternate 
attacks of diarrhea and constipation with abdominal pain. 


ingly innocuous case of diverticulosis in which no symptoms are pre- 
sented. Whenever the condition is discovered, it calls for careful 
supervision and attention to colonic hygiene. The establishment of 
regular and spontaneous evacuation looking toward the prevention of 
inspissated bits of feces becoming lodged in the diverticula should be 
emphasized. Frequent efforts to change or improve the intestinal flora 
reduce the chance of infection within these pouches. Mineral oil taken 
regularly will help to prevent constipation and consequent straining at 
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stool with its very undesirable increase in intracolonic pressure. For the 
same reason, high pressure enemas are never to be used. It should be 
pointed out that any case which is being carried along under this 
palliative or prophylactic treatment should be considered a possible 
surgical emergency at any moment. Even with the appearance of signs 
of inflammation and a possible tender mass, conservative measures may 
still be efficacious, and the acute attack overcome. Warm enemas, oils, 
hot applications, morphine, atropine, liquid diet and bismuth subnitrate 





Fig. 6 (group 3, case 37).—Sigmoidal diverticulitis with fistula of the bladder ; 
long standing urinary infection cause of hospital entry; relieved by resection. 


are helpful. It must be recognized that surgical intervention in this 
stage, before actual abscess formation, can do very little good. The risk 
of spreading infection by resection at this time is too great, and no good 
can be accomplished by simple drainage before suppuration has begun. 
Experience and good judgment may often save either an unnecessary 
surgical procedure or an operative catastrophe. Some writers advocate 
operation at the first sign of inflammation as in appendicitis. The pres- 
ence of fat tabs and a thickened short mesentery in the lower colon, 











NEWTON—ACQUIRED DIVERTICULA OF COLON 1355 


however, differs so tremendously from the situation about the cecum 
that it is often well nigh impossible to locate a focus of inflammation 
which would allow of a procedure analogous to appendectomy. Once 
true diverticulitis has appeared, however, plans for operation at a suit- 
able time should be laid. Recurrence of trouble is almost certain, so 
that, provided the lesion as demonstrated by roentgen examination will 
lend itself to resection, this should be carried out. If, the disease is 
pread over a wide area, a colostomy or anastomosis around the affected 





Fig. 7 (group 3, case 43).—Diverticulitis and peridiverticulitis with large abscess 
palpable in left lower quadrant; improved by surgical drainage and colostomy. 


bowel may be the only feasible solution of the problem. In the more 
serious cases complicated by fistula, abscess or local peritonitis, simple 
drainage of the infected area is the only permissible procedure. A 
colostomy should, however, always accompany the drainage. The more 
completely the fecal stream is diverted, the better chance the patient has 
of recovering from the abscess and its surrounding conditions. In cases 
of obstruction, colostomy is, of course, imperative. With complete 
subsidence of infection, resection may be carried out. This must be 


ae 
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delayed usually for weeks or even months, or until all infection has 
subsided. Whenever the adhesions about the diseased bowel can be 
freed, a Mikulicz multiple-stage operation is the safest. Unfortunately, 
only a few patients can be so treated, leaving only resection and anasto- 
mosis or a short-circuiting operation possible, depending on the amount 
of colon involved. 

Of the forty-four cases included in this report, thirty-nine have 
been reviewed from the standpoint of their final result. No records are 





Fig. 8 (group 4, case 14).—Diverticulitis and peridiverticulitis of sigmoid with 
palpable mass in left lower quadrant; abdominal pain and tenderness ; improved by 
drainage and colostomy. 


included, other than those of fatal cases, of less than two years’ stand- 
ing, while some cover a period of over ten years. The following graphic 
representations present the results in the light of the method employed 
in the treatment, and from the point of view of the symptoms and 
pathologic process when the patient was admitted to the hospital. 

It will be seen from the foregoing figures that in this small series of 
cases which have been followed up there are thirteen in which treatment 
was not given, either because of the purely incidental nature of the con- 
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dition, or because of the patient’s refusal to follow directions. Today 
eight of these patients are in exactly the same condition as they were 
when in the hospital, and five have died of other trouble such as 
apoplexy, insanity, cardiorenal disease or diabetes. The question may 
be raised whether even silent diverticula may not have had some part 
in the production of pulmonary infarcts and cardiorenal disease as well 

s in the production of a fatal termination after two and one-half years in 

case complicated by diabetes. The results were uniformly good in the 











Fig. 9 (group 5, case 44).—Diverticulitis and peridiverticulitis of descending 
colon and sigmoid with abscess and obstruction and adjacent nonobstructing 
carcinoma in ptosed loop of transverse colon; abscess from diverticula drained; 
death from carcinomatosis. 


ten patients who, presenting vague abdominal symptoms, received 
adequate dietary treatment and supervision. Eight are definitely 
improved and only two have died (of apoplexy and insanity). Of those 
who received operative treatment, seven may be considered well, these 
being the only cases in the entire series with this result. All of these 
patients had the diseased portion of the colon removed or an abscess 
drained, and are now in perfect health as far as can be determined. Four 
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patients, all with serious complications, abscess, obstruction or fistula, 
were definitely improved. Three have remained so to the present time. 
One died three years later of a urinary infection, which is not surprising 
in view of the presence of a fistula of the bladder at the time of opera- 
tion. Four patients died postoperatively. All of these had spreading 
peritonitis. All but one of the sixteen patients operated on presented the 
picture of neglected diverticulitis, and were most serious surgical risks 
when operated on. The one patient who had carcinoma as well as diver- 
ticulitis was a hopeless problem from the start, having a rapidly grow- 
ing tumor close to a diverticulitis and peridiverticulitis of the sigmoid 
with abscess formation. 


TABLE 2.—Results Grouped According to Treatment 


Died of Other 
No Pathologic 
Total Died Improved Well Change Processes 
Operated on 16 5 2 7 0 
Medically treated............. 10 0 8 0 0 
Untreated wae ae 13 0 0 


0 Ss 


39 5 10 7 : 8 


TABLE 3.—Results Grouped According to Pathologic Process 


Died of Other 
No Pathologic 
Died Improved Well Change Processes 
Group 1 (symptomless) 0 ( 4 $ 

Group 2 (with symptoms)................ 0 8 4 
Group 3 (with abscess, fistula, etc.)...... 4 } 0 
Group 4 (with obstruction) 0 0 
Group 5 (with carcinoma)................ l 0 
5 10 8 


Five patients of the total forty-four in the entire series could not be 
traced. They were either symptomless while in the hospital, or refused 
treatment offered them because of the mildness of their condition. 


CONCLUSIONS 

Acquired diverticula of the colon may give rise to such serious com- 
plications that even their incidental discovery calls for careful prophylac- 
tic measures and medical supervision. If symptoms cease under this 
regimen, it is fair to conclude that the more dangerous later develop- 
ments may be avoided. If, however, symptoms continue or recur, 
resection, wherever possible, should be carried out, as this presents the 
only avenue to a permanent cure. When the condition is not recognized 
early, or treatment must necessarily be undertaken during the later 
stages of the disease, such as abscess, fistula or obstruction, conserva- 
tive surgical treatment, i.e., drainage plus colostomy, is the only indi- 
cation in the beginning, to be followed by removal or short-circuiting of 
the diseased bowel at another time. 








INTRACRANIAL SARCOMATOUS TUMORS OF 
LEPTOMENINGEAL ORIGIN * 


PERCIVAL BAILEY 


Sacoma, autrement dit Fungus, est 
vne excroissance de chair qui vient 
de l’aliment propre de la partie ot 
elle naist—Ambroise Paré. 


During the course of the last century the diagnosis of sarcoma of 
e brain was often made, and if the term be understood in its original 
‘nse, namely, to designate a soft, fleshlike (capé, flesh), rapidly grow- 
g, cellular tumor, this diagnosis was probably correct; but as the use 

the term began to be restricted to the rapidly growing tumors of 
esodermal origin, it was soon felt that for cellular tumors of the 
rain it was a misnomer, since they were certainly of neuroglial nature 
d hence of ectodermal origin. Consequently, they came to be called 
iosarcomas, but ere long this term also was superseded by that of 
ioblastoma or spongioblastoma, and the existence of a true malignant 
esodermal tumor of the brain was doubted. 

Yet at first thought one would say that there is not lacking in the 

tracranial cavity, even in the brain itself, tissue from which sarcomas, 
iderstood in the foregoing limited sense, might presumably arise. The 
ira mater is generally regarded as a structure of mesodermal origin. 
he leptomeninges also were conceded to be of similar embryologic 
erivation until of recent years, when Oberling proposed, on evidence 
erived from studies of microscopic changes alone, that the meningo- 
lasts which formed the leptomeninges had an origin similar to that of 
he cells of the sheath of Schwann, being therefore neuro-ectodermal. 
tle made some fragmentary embryologic observations, but it remained 
(or Harvey and Burr, who had come to the same opinion from different 
premises, to make a thorough embryologic and experimental study which 
seemed to prove that the leptomeninges originated from the neural crest 
in the same manner as the cells of the sheath of Schwann. 

The conception of the neuro-ectodermal origin of these structures led 
Lhermitte and Leroux, and later, Masson, to describe the neurinomas 
of the peripheral nerves under the name of “gliomes périphériques,” 
and although Masson did not go so far as to call the ordinary menin- 
giomas “gliomes méningés,” still he made it evident that he agreed with 
Oberling in considering them, as well as the acoustic neurinomas, to 
be essentially of a gliomatous nature. This conception has recently been 


*From the Surgical Clinic of Dr. Harvey Cushing, Peter Bent Brigham 
Hospital, Boston. 
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adopted by Martin, Dechaume and Puig. Occasionally a tumor of the 
meninges occurs that by its microscopic structure seems to support this 
hypothesis of the neuro-ectodermal origin of the leptomeninx. Such a 
tumor was described by Roussy, Cornil and Leroux. 

I have never seen such a tumor, and it must not be forgotten that the 
finding of fibrillae stained with methods for neuroglial fibrillae is not 
sufficient to demonstrate the neuro-ectodermal nature of a tumor. Such 
fibrillae may be fibroglia or even epithelial fibrillae. Nevertheless the 
close relationship of the meningioma, the acoustic neurinoma and the 
peripheral neurinomas is clearly shown also by their occasional simul- 
taneous occurrence in cases of von Recklinghausen’s disease, as Ober- 
ling pointed out. 

Add to all this the fact that the sheaths of cells which surround the 
blood vessels of the brain are of leptomeningeal origin and that tumors 
adhering to the dura mater in all probability arise from leptomeningeal 
cells which have penetrated into this membrane (M. B. Schmitt), and 
the possibility of development of a true sarcoma in the intracranial 
cavity seems to vanish completely. ; 

Logical though this neuro-ectodermal theory seems to be, one cannot 
help feeling that it is somewhat overschematic. There are not lacking 
embryologists who describe the derivation of mesenchyme from the 
ectoderm during embryonic life. This derivation can even be followed 
in tumors according to certain pathologists (Masson and Peyron, 
Kromeyer, etc.). I have followed the origin of collagenic fibrils from 
epithelial cells in suprasellar epitheliomas. The same origin can be found 
in many lower animals (Delaney). 

Moreover, it will not do to push the histogenetic classification of 
tumors too far lest they all become epitheliomas. Masson remarked that 
it is not the blastodermic origin of a cell which characterizes it, but 
solely its histofunctional differentiation ; for example, the cortex of the 
suprarenal gland is of mesodermal origin but becomes glandular 
epithelium, and when undergoing malignant change produces a carci- 
noma (Peyron), not a sarcoma. On the other hand, a cell which pro- 
duces collagen may have epithelial ancestors but is itself a connective 
tissue cell; it is a matter of definition. By this admission, Masson 
condemned his own term of “gliome périphérique,” for certainly the 
leptomeningeal cells and cells of the sheath of Schwann in the fully 
developed condition are more nearly allied structurally to connective 
tissue derivatives than to the ordinary ectodermal derivatives. Nageotte 
has shown how the cells of the sheath of Schwann form collagen, and it 
is well known that the leptomeningeal cells form reticulin, collagen and 
elastin (Key and Retzius). 

The vast majority of the tumors of the leptomeninges also reproduce 
the structure of tumors of the connective tissues rather than that of 
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gliomas. Prym, in 1914, stated that the cells of dural endotheliomas 
were connective tissue cells because they formed the intercellular sub- 
stances of connective tissue. Mallory, after a detailed study of the 
microscopic structure of the component cells of meningiomas, concluded 
that they were fibroblasts. Penfield has recently maintained that the 
cells of acoustic and of peripheral neurinomas are also fibroblasts and 
speaks of meningeal, acoustic and peripheral fibroblastomas. Rhoads 
| van Wagenen confirmed his opinion concerning the acoustic 
urinomas. 
The conception of the fibroblastic nature of these tumors seems also 
e overschematized, although not so much so as the conception of 
r glial nature. Their structure differs both from that of glio- 
stomas and from that of the ordinary fibroblastomas arising from the 
er organs of the body, usually resembling more closely endothelio- 
stomas growing without formation of lumina. Of the intercellular 
stances formed by fibroblasts, reticulin is scanty in the meningiomas ; 
agen is found only around the vessels and in degenerated areas; 
glia is rarely seen and elastin only around large blood vessels in 
st cases. 


Brault has remarked that “every connective-tissue cell is by tendency 
ioplastic. It is practically impossible in histology to separate the 
) terms : connective tissue and vascular tissue. This opinion is largely 
firmed by the study of inflammation of the serous membranes, of the 


mation of new vessels in obliterating arteritis and of thromboses.” 
dothelial cells form collagen and elastin in the intima of the develop- 
aorta (Aschoff), in the intima of transplanted veins (Enderlen and 
rst) and in the intima of the vessels of racemose angiomas (Cushing 
d Bailey). The fact that in rare instances the cells of a meningioma 
rm fibroglia, collagen and elastin does not prove, therefore, that they 
‘not endothelial cells. Even in tissue cultures, endothelial cells may 
transform themselves into fibroblasts (Maximow). In an endothelioma, 
the mesenchymal cells decrease in rapidity of growth without forming 
intercellular substance, but with a tendency to apply themselves to sur- 
faces (if there is no surface, they wrap around each other) ; this is what 
makes an endothelioma, the endothelial cells having few structural 
characteristics by which they may be recognized (see Hortega). If 
embryonic mesenchymal cells slow up in growth and at the same time 
form intercellular substances, a fibroma, chondroma, etc., results. 
Thus the term to be used for meningeal tumors is again a matter 
of definition. The fact that a few of the cells form fibroglia, elastin, 
collagen or reticulin does not change the other fact that the vast majority 
of the cells are endothelial, or “mesothelial,” at any rate not typical 
fibroblasts. For the moment it might be well to include them and the 
neurinomas under some noncommittal term, such as neurolophomas as 
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Harvey and Burr suggested, or chitoneuromes from yirov (tunic) as 
used by Martin, Dechaume and Ping, or perhaps lophostegomas from 
Aody (crest) and oréyw (to cover) which would emphasize their common 
origin from the neural crest and their common function as covering 
cells for the nervous system. 

Whatever may prove in the final analysis to be their exact nature, 
the rapidly growing tumors described in the present communication 
I believe to have arisen from the leptomeninges or its derivatives, and 
consider it advisable to call them sarcomas, for their structure differs 
considerably from that of rapidly growing intracranial tumors certainly 














Fig. 1.—Perithelial hypertrophy occurring around the vessels of a glioma: 
a, hematoxylin and eosin, « 80; b, Perdrau’s method, x 80. Note that each cell 
is surrounded by reticulin. 


of neuro-ectodermal origin. I have never found any evidence to support 
the possibility of sarcomas arising from the microglia of del Rio- 
Hortega. The terminology used will be for the most part purely 
descriptive, depending on the gross microscopic picture and on the 
histofunctional differentiation of the neoplastic cells. 


PERITHELIOMA 


It is well known that the cerebral blood vessels are surrounded by a 
sheath of cells of leptomeningeal origin. The structure and relation- 
ships of this perithelium have recently been made the subject of an 
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extensive review by Schaltenbrand and Bailey. An overgrowth of this 
perithelium is occasionally seen in gliomas. Figure 1 portrays an excel- 
lent example. 

Tumors of this perithelium occur which demonstrate in the most 
striking way the common origin of the perithelial and of the lepto- 
meningeal cells over the surface of the brain. The first of these tumors 

is described by Eberth in 1870. He showed by the examination of 
ised preparations that the surface of the arachnoidal strands and the 
ssels of the cortex, even the capillaries to a depth of 1 cm., were 
vered by a layer of large rounded cells, rarely 2 or 3 cells deep 
¢. 2a). Occasionally, among them were seen giant cells. 











Fig. 2.—a, copied after Eberth. Note the resemblance to the tumor in figure 3, b. 
. a similar tumor of Haeger, showing the same swollen meningeal cells in the 
ubarachnoid space. 


A similar tumor from this clinic was recently described by Connor 
and Cushing, which showed clearly that the neoplastic cells continued 
from the perivascular perithelium into the pia mater over the surface; 
furthermore, that the perithelial tumor had developed in situ and was not 
an invasion from the subarachnoid space of the perivascular space of 
Virchow-Robin (fig. 3). They called attention to comparable cases 
published by Marcus and by Cassirer and Levy. To these may be added 
others by Haeger (fig. 2), by Janssen, by Berblinger and by Schaede, 
possibly also the second case of Manganotti. 

The tumor described by Berblinger needs further notice for the 
reason that the perivascular cells were filled with granules of melanin. 
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It is known that there are melanin-bearing cells to be found normally in 
the leptomeninx, even in its perivascular extensions (Virchow, Ober- 
steiner), but the origin of these cells is disputed. Nor is there any 
generally accepted opinion as to the origin of the melanotic cells of 
the skin, the so-called dendritic cells. Ribbert and Hortega maintained 
that they were mesodermal, but the ectodermal theory seems to be 
gaining ground and has been logically developed by Masson. 











Fig. 3.—Diffuse tumor of the perithelium (case of Connor and Cushing): a, 
Bielschowsky-Plein, « 80; b, Perdrau’s method, x 850. Note that the tumor cells 
attached to the wall of the capillary are surrounded by reticulin. 


It was pointed out by Bruno Bloch that the melanin-forming cells 
contained an oxydase which he called dopa-oxydase by a contraction of 
the name of the reagent used for its demonstration. This oxydase he 
showed to reside in the basal cells of the epidermis. Since the dendritic 
cells contain also the oxydase, Masson supposed that they are ecto- 
dermal and that the basal cells of the epidermis follow a double 
evolution, malpighian and dendritic, each resulting in cells which are 
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melanoblastic since they contain the essential oxydase. He has recently 
abandoned this theory in favor of a neuro-ectodermal origin for the 
dendritic cells. At any rate, in order for melanin to form it is neces- 
sary that the oxydizable substance, chromogen, be brought to the cells 
by way of the blood stream and mesodermal cells of the corium. 

Whether melanin is formed by other than ectodermal cells is at 
resent a subject of controversy (Bloch). Concerning the pigmented 

lls of the choroidal coat of the eye, Dawson said “Embryological data 

ntirely support the view of the origin of the pigmented cells of the 
oroid and of the stroma of the iris by migration of cells from the 
smented layer of the retina and the pars iridis retinae. The pig- 
‘nted cells of the choroid, therefore, are not mesoblastic but neuro- 
ithelial in origin. . . .” Even the mongolian spots and blue nevi 
died by Sato and by el Bahrawy cannot be certainly considered to be 
sodermal in view of Masson’s theory of the neuro-ectodermal origin 
all nevi. Walthard has pointed out that the pigment -of intestinal 
lanosis does not give a dopa reaction. 

The presence of melanin in the cells of the leptomeninx pleads, 

refore, in favor of an ectodermal origin of these cells, but does not 

ve such a derivation, for a positive dopa reaction has not been 
ained from them. If the leptomeninx is of ectodermal origin, the 
esence in it of melanoblasts is easily understood; they result from 
lifferentiation out of the matrix of the leptomeninx such as that of 
dendritic cells in the basal layers of the epidermis. On this basis 
is easy to understand an abnormally extensive pigmentation of the 
tomeninx (Virchow) as an exaggeration of this evolution, and also 
e association of abnormally extensive pigmentation of the lepto- 
eninges and skin (e. g., in Berblinger’s case) as a generalized over- 
evelopment of melanoblasts. By this hypothesis it is also easy to 
understand why the pigmented tumors of the leptomeninx differ in no 
way in structure from those which are not pigmented, as will be 
clearly evident from the following descriptions. 

The fact that in these perithelial tumors the neoplastic cells continue 
out into the pia mater leads to a discussion of that ill understood condi- 
tion usually described as “sarcomatosis of the meninges.” I am not 
speaking of those cases of diffuse infiltration of the meninges by 
metastasis from tumor elsewhere in the body, but rather of those 
tumors primary in the intracranial and intraspinal cavities of which 
there are two types: (1) those primary in the meninges and (2) sec- 
ondary infiltration of the meninges from tumor of the central nervous 
system. 

Surely it is not a coincidence that all recorded cases of perithelial 
tumors which are clearly leptomeningeal, and almost invariably extend 
into the meninges over the surface to form a “sarcomatosis” or 
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b 


“‘endotheliomatosis,’ 


occurred in adults (Eberth, aged 47; Marcus, 48; 
Haeger, 48; Janssen, 30; Cassirer and Levy, 40; Connor and Cushing, 
63; Schaede, 22). On the other hand, Rach has already pointed out 
that the diffuse infiltration of the meninges secondary to a primary 


tumor of the nervous tissue almost invariably occurs in children. Bailey 
and Cushing showed further that the tumor of the nervous tissue in 
these cases was a peculiar type of glioma which they called medullo- 
blastoma. Thus even apart from the variation in histologic structure 
of these tumors there is evidence, from the age of onset, of a radical 
difference existing among the diffuse tumors which are primarily 
intracranial. 

Perhaps an insight into the microscopic structure of those diffuse 
tumors believed to be primarily of leptomeningeal origin can best be 
obtained by beginning with a study of those which arise from the 
intracerebral perivascular extensions of the leptomeninx. The case 
of Schaede makes a good starting point. In certain areas the vessels 
were not surrounded simply by one layer of swollen cells but rather 
by cuffs of cells, half a dozen or more cell layers in thickness to form 
a typical gross appearance often called a perithelioma. The same 
arrangement was seen in the tumor in the following case. 


Case 1.—Midcerebellar syndrome. Suboccipital .exploration. Death from 
hyperthermia. Necropsy. Diffuse tumor of the pia-arachnoid. 

History.—B. R., aged 3, referred by Dr. Henry Utter of Providence, R. I., was 
admitted to the hospital on Oct. 13, 1927, complaining of headache, vomiting and 
difficulty in walking. 

The child had always been delicate but had no definite complaint until Aug. 1, 
1927, when he had a cervical adenopathy with fever. On September 15, his 
tonsils were removed. On September 22, he complained that his head felt “tired,” 
and he vomited. From that time on he vomited several times a day, suddenly, 
without warning, and without seeming to be ill. He soon complained of pain in 
the back of the neck, and about October 1, it was noticed that he walked unsteadily. 
Lately he was drowsy, breathed irregularly and squinted. 

On admission, he was irritable, uncooperative, emaciated, yawning and drowsy. 
The head seemed to be increased in size, but no cracked pot sound could be elicited 
on percussion. There was bilateral choking of the optic disks (from 3 to 4 
diopters elevation), left abducens weakness, hypotonicity and ataxia of cerebellar 
type of all the extremities, especially of the lower extremities, and staggering gait. 
Nystagmus was absent. 

The clinical diagnosis was central cerebellar tumor, possibly in the fourth 
ventricle. 

Operation —On Oct. 15, 1927, at 10:25 a. m. a suboccipital exploration was 
made by Dr. Cushing. Puncture of the lateral ventricles obtained only a few 
drops of fluid from each, showing that there was no internal hydrocephalus. 
Nevertheless the clinical picture was so definite that the operation was continued. 
No evidence of tumor was found. 


Course of Illness—A hyperthermia developed immediately, which could be only 
temporarily reduced by energetic hydrotherapy. He became cyanotic and had 
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almost continuous convulsive movements of the left side of the body. This side of 
the body was also distinctly warmer than the right. He failed gradually, and 
died on October 16 at 5:05 a. m. ' 


Necropsy.—Permission to examine the head only was obtained. The brain was 
nerfused with 10 per cent formalin immediately after death, the solution being 
troduced through lumbar-puncture needles into the lateral ventricles and drained 
rom the posterior cistern in the same manner; it was then carefully removed 
nd immersed in 10 per cent formalin for further fixation. It was evident, on 
iperficial examination, that there was a cloudy thickening of the leptomeninges 
ractically all over the brain, looking something like that seen in tuberculous 
eningitis, but not so marked. Medial sagittal section of the brain and para- 
egital sections through each hemisphere showed no evidence of tumor. Since 
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Fig. 4 (case 1).—Meningeal tumor to the right; sheath of cells around vessel 
deep in the substance of the cerebellum; methylene blue-eosin, « 100. 





microscopic examination, however, revealed a diffuse tumor in the meninges, blocks 
were taken from the frontal, cingular, central, insular, calcarine, parietal and 
supramarginal regions of the cortex of each hemisphere, also from the medulla, 
roof of the fourth ventricle, pineal body, roof of third ventricle, tuber cinereum, 2 
pons, hippocampus, basal ganglions and cerebellum. These blocks were embedded # 
in paraffin and sections were stained with methylene blue-eosin, hematoxylin and 
eosin, phosphotungstic acid hematoxylin, resorcin-fuchsin, mucicarmine, and by } 
the methods of Bielschowsky, Bielschowsky-Plein, Loyez, van Gieson and Perdrau. iy 
They all showed the same picture. Everywhere the leptomeninx was transformed 
into a tumor (fig. 4). It cannot be said that the pia-arachnoid was infiltrated by 
tumor for there was no trace of normal pia-arachnoid cells. With the exception 
of the endothelial lining and occasionally a few smooth muscle cells in the walls 
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of the larger vascular channels, this tumor was composed throughout of 
large rounded or polygonal cells, lying in a compact mass with no _ inter- 
cellular bridges, and apparently not adherent to each other. These cells had 
abundant cytoplasm. The nuclei tended to be vesicular or of irregular shape, with 
a heavy nuclear membrane often crenelated, with very little chromatin, and one 
or two heavy nucleoli. Mitotic figures were easily found. 

An abundant network of fine reticular fibrils was present among the tumor 
cells, often forming concentric rings about the vessels, many of which had no other 
lining than the tumor cells (fig. 5). The network was evidently formed by the 
neoplastic cells since no other cells could be seen along the fibrils. No collagen, 
elastin nor fibroglia were found except in the walls of the larger vessels. 

The neoplastic cells followed along the vessels into the brain, even into the 
depths of the white matter, and formed cuffs (fig. 6) around them varying from 
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Fig. 5 (case 1).—Section stained by Perdrau’s method, & 600; vascular sinus in 
the meningeal tumor formed and lined by neoplastic cells. 


one to several cells in thickness, but it was important to note that there was no 
sheath of reticulin or collagen between these cells and the nervous tissue (fig. 7), 
neither was there any such layer between the pia mater and the nervous tissue 
over the surface (fig. 8). 

In the leptomeninx, extensive degenerative changes were going on in many 
places, leaving cuffs of viable cells only around the vessels. 


Comment.—Apparently this tumor is entirely similar to the one 
described by Nonne, although the illustrations he gives are at such 
low magnification that positive identification is impossible. 

Unfortunately, in case 1 the spinal cord could not be removed, and 
a complete necropsy could not be done, so that absolute proof that the 
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tumor was primary in the meninges cannot be given. There are, 
nevertheless, dependable arguments that such was the case. 

Metastatic tumors grow in the brain in discrete nodules and do not 
follow the perivascular spaces to any great extent. If the metastasis 
occurs in the subarachnoid space and from there invades the perivascular 
tissues there is always a distinct layer of collagen between the infiltrate 
and the glia; the same is true of the subarachnoid space. Such a layer 
was entirely absent in the present case, showing that the tumor arose as 

direct transformation of the leptomeninx. 











Fig. 6 (case 1).—a, section stained with methylene blue-eosin, x 300; sub- 
ortical vessel surrounded by collar of neoplastic cells as in case of Schaede. }, 
Perdrau’s method, 300; similar vessel, showing reticulin and absence of pia- 
arachnoid sheath. 


That the tumor is not a glioma is abundantly proved by the type 
of cell and by the formation of reticulin by the neoplastic cells. 

It is interesting from a theoretical point of view to note that although 
the perivascular tissue was directly transformed into tumor there was 
no evidence of a Virchow-Robin space around the deeper vessels where 
such a transformation had not taken place, as one might expect were 
there normally a current of fluid along the spaces of this tissue toward 
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Fig. 7 (case 1).—Cross-sections of small cortical vessels: a, methylene blue- 
eosin, X 850; b, Perdrau’s method, « 850. Neoplastic transformation of the 
perithelium and the absence of normal pia-arachnoid cells. 
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Fig. 8 (case 1).—Small vessels penetrating the cerebral cortex: a, methylene 
blue-eosin, & 600; b, Perdrau’s method, x 600. Note the serrated border of the 
neoplastic perithelium, and the absence of fibrous pia-arachnoid sheath. 





1372 ARCHIVES OF SURGERY 


the subarachnoid space (see Schaltenbrand and Bailey). Nor were 
the perivascular and perineuronal shrinkage spaces of His and of 
Obersteiner abnormally dilated. The nervous parenchyma was micro- 
scopically normal with the exception of an acute swelling of the oligo- 
dendroglia. 

The tumor was, therefore, in all probability a primary sarcoma of 
the leptomeninx. 

In certain areas of this tumor over the surface of the cortex the 
intervascular degeneration had begun to result in a pseudoperithelial 
arrangement. I agree with Roussy and Ameuille in their contention that 
the term “perithelioma” as used in the literature means only a gross 
microscopic picture in which the blood vessels are surrounded by cuffs 
of neoplastic cells. It signifies also the appearance which arises in 
many tumors by degeneration of the neoplastic cells between the vessels, 
except perhaps in the case of the coccygeal body. Yet there are 
undoubtedly in the central nervous system tumors properly called 
peritheliomas, that is to say, tumors which grow from the perivascular 
leptomeningeal sheath. I believe that I have been able to assemble 
sufficient examples to follow their evolution. 

The first stage is represented by tumors such as those of Eberth, 
Marcus, Connor and Cushing, etc., before mentioned. The second stage 
may be followed in the tumor of Schaede and in case 1 just described 
where, as mentioned in a previous paragraph, in certain areas the 
cortical vessels are surrounded by thick cuffs of leptomeningeal cells. 
The same picture was seen in Berblinger’s case and may also be seen in 
tumors of the sheath of the optic nerves. In each of these cases the 
sleeves of tumor, however, are still separated by normal cerebral 
tissue. The third stage of development is well demonstrated by a 
tumor which Dr. Charles Bagley allowed me to examine, and it is to 
be hoped that he will describe it more fully soon. 

One could clearly see in Bagley’s tumor how it advanced peri- 
vascularly, leaving islands of sclerotic brain tissue between the advancing 
fingers (fig. 9a), these islands being finally destroyed as the tumor 
closed in on them. But a simultaneous evolution was going on which 
resulted again in a perithelial appearance due to intervascular necrosis 
(fig. 9b), and I am convinced that most of the peritheliomas of the 
brain which have been described in the literature are of this type. 

It is undoubtedly true that intervascular necrosis may occur in 
gliomas, especially in the spongioblastoma multiforme and astroblastoma, 
but here the necrosis never results in such compact sleeves of perithelial 
cells. In the case of the small cell medulloblastoma, which might be 
most easily confused with the perithelial leptomeningeal tumors, such 
intervascular degeneration rarely occurs, and the cellular type is easily 
distinguished. 




















Fig. 9 (case of Dr. Charles Bagley).—Sections stained with hematoxylin and 
eosin, X 80. In a, note the sclerosed cerebral tissue between the extensions of the 
tumor, also the necrosis at X. b, typical picture of perithelioma resulting from 
intervascular necrosis. 
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Even in the case of a spongioblastoma multiforme which had 
herniated through a decompression to form a huge extracranial exten- 
sion, and in which there was an intimate mixture of glial and meso- 
dermal tissue, I have found it always possible to distinguish the two 
tissues. The cytoplasm of connective tissue cells is denser and stains 
more heavily with eosin, while that of the glial cells is delicate and less 
heavily stained (fig. 10). The nuclei of the glial cells are oval with 
delicate regular nuclear membranes and scattered grains of chromatin. 
The nuclei of the connective tissue cells, on the other hand, are much 





Fig. 10—Two photographs from a spongioblastoma multiforme which had 
herniated through a decompression to form a huge extracranial tumor. Degen- 
erative and reparative processes led to an intimate mixture of glial and fibroblastic 
tissue; yet even with an ordinary nuclear stain it was possible to distinguish the 
two tissues. Note that the glial nuclei are smaller, more regularly oval, with 
abundant chromatinic granules. The nuclei of the connective tissue cells are 
larger, more vesicular, and of more irregular shape. With special staining 
methods the distinction is easy. a, methylene blue-eosin, «x 850; connective tissue 


right, glia left. b, hematoxylin and eosin, «x 600; connective tissue above, glia 
below. 


more irregularly shaped; the nuclear membrane is heavier and often 
crenelated, and the chromatin is dustlike and peripherally situated so that 
the nuclei have a vesicular appearance and the nucleoli are very promi- 
nent. I have never been able to find any evidence in favor ‘of the con- 
junctivoneuroglial metaplasia described by Bertrand and Medakovitch. 
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The first tumor unquestionably of perithelial type in the literature, 
as far as I am aware, was recorded by Cornil. It seems to me certain 
that such tumors as those described by Coste and Levy, Besold, Watzold, 
etc., are also of leptomeningeal origin even though the perithelial 
arrangement is due to intervascular necrosis, but the photographs are at 

uch a low magnification and the microscopic descriptions so rudi- 

inentary as to make positive identification impossible. They all agree, 
owever, in being formed of small rounded cells with nuclei of connec- 
ve tissue type and practically no intercellular substances. 

I would not go so far as to say that all tumors of this type arise 
om the perithelial (perivascular) leptomeninx. The tumor in the 
llowing case, although the cellular type is identical with that in the pre- 
ling cases, seems to have arisen from the leptomeninges over the 
irface of the brain and to have pushed the cerebrum aside without 
vading it. This tumor, by reproducing the cellular structure of the 
mors of perithelial origin, furnishes another proof of the identity of 
e leptomeninges and the perivascular sheath. 


CasE 2.—Leptomeningeal tumor of perithelial type. Right subtemporal decom- 

ssion. Right osteoplastic exploration with fatality. Necropsy. 

History—On April 16, 1921, Pauline T., aged 12, referred by Dr. C. Bartlett, 

Norfolk Downs, Mass., was admitted to the hospital, complaining of pain over 

right frontal region and loss of vision. 

She was one of twins, born at 7 months, but had always been well except for 

attack of jaundice at the age of 7. 

In October, 1920, it was observed by her teacher that her vision was defective. 
1e was taken to an ophthalmologist who recommended glasses which gave her 

relief. In December, she began to have nausea and vomiting. In January, 
/21, it was noticed that she dragged her left leg. Later she became bedridden 
om weakness, was very drowsy, complained of pain in the right frontal region, 
ind her vision failed rapidly. 

On admission, she was found to be emaciated, and dull mentally. Her head was 
nlarged, the extracranial veins enlarged, the temporal regions very prominent, 
id a cracked pot sound was produced by percussing the head. The optic disks 
vere elevated from 5 to 6 diopters, with hemorrhages and formation of new 
issue, so that she was almost completely blind. There was a left hemiparesis 

and hemihypesthesia. 

On April 20, 1921, a right subtemporal decompression was done by Dr. Horrax 
disclosing a tense brain but no tumor. 


Course of Illness —The optic disks subsided to 3 diopters and the patient 
became more alert. The decompressed area bulged and was very tense. 

On May 5, a right osteoplastic exploration was made by Dr. Horrax with the 
flap placed anteriorly. In the anterior margin of the incision the bone was found 
to be thickened and very vascular. The dura under this region was roughened and 
very vascular also. When it was reflected, the margin of a reddish, apparently 
encapsulated, tumor was exposed. No attempt was made to enucleate the tumor 
because of the patient’s feeble condition. A transfusion was made immediately, 
but death soon occurred. 
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Pathologic Examination.—Necropsy was confined to the head. The brain was 
removed twelve hours post mortem, and was fixed by immersion in 10 per cent 
formalin. On the inner surface of the right frontal bone was found a crater-like 
thickening corresponding to the location of the tumor. The latter was definitely 
encapsulated, attached to the under surface of the dura mater, dark red and soft. 
It measured 15.5 by 18.8 cm. in diameter. 


Microscopic Description—Portions of the tumor, which had been fixed in 
formalin, were embedded in paraffin. Sections were stained with hematoxylin and 


eosin, by van Gieson’s, Verhoeft’s and Perdrau’s methods and with phosphotungstic 
acid hematoxylin. 











Fig. 11 (case 2).—a, section stained by Perdrau’s method, «x 80; b, hema- 
toxylin and eosin, X 80. Perithelial arrangement due to colloidal intervascular 
degeneration. 


The microscopic picture was that of a typical degenerative “perithelioma” 
(fig. 11). The numerous blood vessels were surrounded by compact sleeves of 
tumor cells. This perivascular arrangement was produced by degeneration of those 
cells farthest away from the vessels. 

The neoplastic cells were small and round, with spherical nuclei and scanty 
cytoplasm. The nuclei had heavy nuclear membranes and fine granules of 
chromatin. Mitotic figures were rarely seen (fig. 12). 

The cells immediately surrounding the vascular sinuses were different from 
those farther away. They had abundant cytoplasm, which stained well with eosin, 
and their nuclei had a tendency to be elongated, with an angular or crenelated 


contour. These cells formed fibrils of collagen and reticulin. No elastin was 
present. 
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In many areas it was possible, however, to see that there was an insensible 
transition between the two types of cells (fig. 13 a) which seemed therefore to be 
a differentiation from a common source. The reticulin often extended diffusely 
among the rounded neoplastic cells (fig. 13 b). 


The tumor in Hashimoto Schozo’s second case seems to have been 
very similar to the tumor just described (fig. 14). 














Fig. 12 (case 2).—Section stained with hematoxylin and eosin, X 300. The 
bodies of the cells are round and their nuclei those of connective tissue with heavy 
cellular membrane, often crenelated, dustlike chromatin and heavy nucleolus. 


PERITHELIAL SARCOMA 


The foregoing tumors have been rather slowly growing, did not 
break through the pia glia membrane and perhaps do not merit the 
name of sarcoma, but they constitute a somewhat necessary introduc- 
tion to the other perithelial tumors of much more rapid evolution. 
In the following case the tumor is a perivascular sarcoma, doubtless 
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developing from a single focus in the leptomeningeal sheath, as it was 
a single large mass deep in the substance of the cerebral hemisphere. 
It occurred among about 100 verified tumors in Dr. Cushing’s Johns 
Hopkins Hospital series prior to 1912. 


CasE 3.—Perivascular sarcoma of the right temporal region. Osteoplasti: 
extirpation. Fatality. Necropsy. 

History—On Jan. 9, 1911, George P., aged 45, a business man, was admitted 
to the hospital, complaining of headache, convulsions and difficulty in speaking. 

He had always been well until about a year before admission, when he became 


somewhat irritable, was unable to concentrate on his work and had some famil; 
difficulties. 





Fig. 13 (case 2).—a, section stained with hematoxylin and eosin, * 700; transi- 
tion from the loose neoplastic cells to those of the vessel wall. 6, Perdrau’s 
method, 300; reticulin fibrils extend out among the neoplastic cells. 


In July, 1910, he was found by his physician to be slightly confused and some- 
what aphasic. The fundi at this time were slightly hazy. By the end of July he 
had an almost complete motor aphasia and was unable to say anything except 
“By Jove.” The Wassermann reaction was negative at this time, but he was put 
on antisyphilitic treatments and the aphasia disappeared. On October 29, he 
complained of seeing double. At this time, the fundus was normal but there was 
a weakness of the left external rectus muscle. On November 26, he was unsteady 


on his feet for the first time. There was also some drooping of the left side of the 
mouth. 


On December 15, he again became confused and aphasic and had a series of 
convulsions followed by stupor and left-sided hemiparesis. On December 17, he 
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had a series of focal convulsions involving the right side of the face and throat, 
and sometimes the arm, without loss of consciousness. After that he was some- 
times worse, sometimes better, with occasional convulsive attacks, complaining of 
headaches, suboccipital in location, nausea and vomiting. 


Examination—On admission to the hospital, there was found a lower facial 
weakness on the left side; weakness of left arm and leg; abdominal reflex was 
absent on the left side; Babinski sign on the left; exaggeration of the tendon 
reflexes on the left side; bilateral choked disks of from 3 to 4 diopters. There was 
tenderness on pressure over the right temporal region and the right suboccipital 
resion. There were some nystagmoid movements on looking to the extreme right. 

right eye was slightly more prominent than the left. There was a left 
hypesthesia. The tongue protruded slightly to the left. No evidence of 





ig. 14—Copied from Schozo. Tumor resembling in structure that in case 2. 


hasia was noted, but he was a little slow in his responses and forgetful. There 
s a definite disturbance of the muscle sense on the left side. 


Course of Iliness—On Jan. 13, 1912, a right osteoplastic exploration was made 
by Dr. Cushing. On opening the dura, the brain was found to be tense and the 
cortex bulged markedly. There was some thickening and vascular changes in the 
meninges, but the cortex showed no abnormalities. The patient recovered promptly 
but continued to be a little drowsy and the left arm and hand became weaker. By 
January 24, a puncture was made of the right ventricle. No fluid was obtained at 
a depth of 6 cm. A left subtemporal decompression was then made. The cortex 
appeared normal, but under considerable tension. The patient did fairly well after 
this second intervention, being at times bright, but at other times stuporous. By 
February 2, he was again stuporous and had Cheyne-Stokes respiration. On 
February 2, the original bone flap was reelevated disclosing a tense bulging brain. 
An incision about 8 cm. in length was made parallel to the postcentral convolution 
down to a roundish tumor (fig. 15), about the size of a hen’s egg, which was 
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gradually separated from the brain tissue and lifted out. The wound of the brain 
was allowed to fall together. The bone flap was removed and the scalp sutured. 


After this intervention the patient remainded in a comatose condition, and had 
persistent hiccupping and twitching of the right nasolabial region. His tem- 
perature continued high, around 101 to 102 F. He became gradually weak, and 
on February 9, died. 


Necropsy—A complete necropsy was performed and there was found only a 
bronchopneumonia and an operative wound of the right cerebral hemisphere. No 
evidence was found of an extracerebral tumor of any kind. A section of the brain 
was made on a horizontal plane just above the corpus callosum. The central part 
of the right hemisphere was occupied by an irregular mass of blood clot and 
traumatized tissue. The ventricles were dilated and the corpus callosum wa 
displaced downward on the right side. 


al 
> 
"2 


Fig. 15 (case 3).—Neoplastic tissue removed at operation. 


Microscopic Examination—There was available for examination a portion o/ 
the tumor, fixed in formalin, and the brain from which the tumor was removed 
Sections of the tumor were stained with hematoxylin-eosin, phosphotungstic acid- 
hematoxylin and by Perdrau’s method. 


The tumor was composed of a mass of small rounded cells with scanty cytoplasm. 
Numerous blood vessels were present, and the neoplastic tissue had often degen- 
erated between them so that the cells formed thick sleeves around the vessels 
(fig. 16). Here they lay closely together without architectural arrangement. The 
nuclei had fine granules of chromatin, evenly distributed, but their surfaces were 
often irregular and angular. Mitotic figures were numerous. The only fibrillary 
material found was reticulin, often lying in a haphazard way between the cells, but 
more often forming concentric circles around the vessels (fig. 17). The neoplastic 
cells within and without these circles were identical. The reticulin must have been 


formed by the neoplastic cells, since no cells distinct from them could be found 
nearby. 
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ig. 16 (case 3).—Rounded cells and vesicular nuclei and numerous mitotic 
res are seen. Note that the reticulin is laid down by the neoplastic cells; 
itoxylin-eosin, & 300. 

















Fig. 17 (case 3).—General architecture of tumor: a, hematoxylin-eosin, x 80; 
b, Perdrau’s method, x 80. Note concentric circles of reticulin around vessels. 
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Dr. F. B. Mallory, who examined sections of the tumor in 1911, made the 
following note: “I have ringed a vessel in one section which shows the tumor to 
have grown between the lining endothelium and the vessel-wall. This is a 
characteristic more commonly seen in tumors belonging to the lympho-sarcoma 
or malignant lymphoma. If you examine the section under oil you will find 
numerous endothelial leucocytes with remains of tumor cells in them. This is 
another common occurrence in tumors of the lymphocyte series, but proves nothing 
positively.” 

Sections of the brain in the region of the operative wound showed, in addition 
to gliosis and hemorrhages, the advance of the tumor. It progressed occasionally 
along the perivascular spaces of Virchow-Robin, more often diffusely, but usually 
along the zone of least resistance around the vessels which is known as the space 


of His. 











Fig. 18.—Cerebral metastasis from melanotic sarcoma showing concentric rings 
of reticulin: a, hematoxylin-eosin, x 150; b, Perdrau’s method, x 150. 


The tumor must have been a sarcoma arising most probably from the lepto- 
meningeal perivascular sheaths. 


The same distribution of the reticulum is often seen in metastatic 
sarcomas (fig. 18) but never in gliomas. It was shown excellently by 
the tumor in the following case in which a necropsy was not obtained. 
The lesion cannot, therefore, be regarded as certainly being a primary 
tumor of the brain. The nature of the neoplastic cells and the arrange- 
ment of the reticulum, however, make it certain that the tumor is a 
sarcoma and not a glioma, and the fact that the tumor was not sharply 
circumscribed makes one feel that it may have been primarily cerebral. 
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Case 4.—Perivascular sarcoma of the left temporal region. Osteoplastic 
exploration. Death two months later. No necropsy. 

History—Aaron G., aged 65, referred by Dr. Frank F. Sandler, of Revere, 
Mass., was admitted to the hospital on Jan. 3, 1924, complaining of weakness and 
ringing in the ears. 

He had been melancholic for a couple of years, because he felt his strength and 
memory were failing. He complained of buzzing in his ears occasionally, but was 
not actually ill until the early part of November, 1923, when he began to have 
severe frontal headache accompanied by vomiting. Soon after this time, his vision 
failed slowly. He became very dull and emotionally unstable. 

(n admission, he was dull and emotional and had definite anomia and agraphia. 

were bilateral choked disks with from 3 to 4 diopters elevation. In 
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19 (case 4).—a, section stained with methylene blue-eosin, x 100; peri- 
ial arrangement resulting from intervascular necrosis. b, Perdrau’s method, 
100; concentric circles of reticulin around the vessels. 


addition, there was paresis of the left abducens nerve, slight ptosis of the left 
upper eyelid and a right hemihypesthesia and exaggeration of the right knee 
reflexes and ankle jerks. 

On Jan. 15, 1924, in the course of a left osteoplastic operation, Dr. Horrax 
found a small area about 1 cm. in diameter in the superior temporal gyrus. It 
was yellowish and shaded off into the surrounding brain tissue without any sharp 
line of demarcation. The temporal region was bulging and the sylvian vessels dis- 
placed upward. Puncture of the temporal lobe disclosed no cyst. A portion of 
the superficial tumor was removed for microscopic study. 


Course of Illness —The patient was discharged on Jan. 25, 1924, in about the 


same condition as he was on admission. One roentgen treatment was given, but 
he failed rapidly and died on March 13. Unfortunately, necropsy was not obtained. 
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Microscopic Description—The material obtained at operation was fixed in 
Zenker’s fluid and embedded in paraffin. Sections were stained with methylene 
blue-eosin, phosphotungstic acid hematoxylin, aniline blue-orange G, and by 
Perdrau’s method. 

The tumor was composed of a mass of rounded cells of varying sizes, closely 
packed together, loosely arranged and degenerating between the vessels (fig. 19). 
These cells did not seem to adhere to each other like epithelial cells. The nuclei 
were surrounded by a narrow ring of cytoplasm which stained rather heavily 
with methylene blue. The nuclei tended to be spherical but were not of regular 
shape; many were angular. The nuclear membrane was heavy, often crenelated; 
the granules of chromatin were fine and the nucleoli prominent. Mitotic figures 
were numerous (fig. 20 a). Occasionally, multinucleated cells were seen. 


Fig. 20 (case 4).—a, section stained with methylene blue-eosin, «x 300; rounde: 
cell bodies and vesicular nuclei are clearly shown; mitotic figure in lower part oi 
photograph. b, Perdrau’s method, x 300; concentric arrangement of the reticulin, 
the outer layer being fragmented. 


The only connective tissue fibrils to be found were of reticulin, which formed 
concentric rings around the thin-walled vascular sinuses (figs. 19 b and 20 b). 
The cells within and without these rings were identical. The reticulin must have 
been formed by the neoplastic cells for other cells were not seen along its strands. 

The tumor was not sharply circumscribed as is usual with metastatic tumors. 
It was a round cell sarcoma, probably primarily intracranial. 


So far as one can judge from the description given, a very similar 
tumor has recently been described by Zagni (case 1). He concluded 


from his study that the tumor was best described as a large round cell 
sarcoma. 
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Another remarkable example of what is doubtless a perithelial sar- 
coma has recently been reported from this clinic by Fried. This unusual 
erowth, in which mitotic figures were very numerous, seems to have 
developed simultaneously along the vessels in many regions of the brain, 
which is perhaps not astonishing when one remembers that in the case 
of the more slowly growing perithelial tumors already mentioned, widely 
separated and entirely independent foci were found in several instances. 

Tumors of the same type may be melanotic, as was well seen in a 
case which Dr. K. G. McKenzie permitted me to study (fig. 21a). 
Since a complete necropsy was not done in his case it is again impossible 

















Fig. 21 (kindness of Dr. K. G. McKenzie).—a, section from a melanotic 
sarcoma of the pia mater. Note the concentric rings of reticulin around the 
vessels. Perdrau’s method, 80 x. b, copied after Boit, from a melanotic meningeal 
tumor. Note the concentric arrangement of the cells and the character of the 
nuclei. - 


to be certain that the tumor was primarily intracranial, but that entirely 
similar tumors may arise primarily in the central nervous system is 
proved by the observations of Minelli, Thorel, Stoerck, Virchow, 
Hirschberg, Sternberg (microscopic description given later by Schop- 
per), Boit, Omodei-Zorini, Feller and others. Although the reticulum 
is not figured by Minelli, the same circular arrangement of the cells 
around the vessels is clearly portrayed in the case of other melanotic 
tumors of the meninges, for example, that of Boit (fig. 21 b), and is also 
mentioned by Thorel. 
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FIBROBLASTOMA 


It will be noted that none of the tumors just described resembled 
any more closely the ordinary fibroblastoma of the extracranial connec- 
tive tissue than do the meningiomas or acoustic neurinomas. In fact, 
the only typical fibroblastoma proved by necropsy to be primary in the 
brain with which I am familiar is the following one of Dr. F. B. 
Mallory which he has allowed me to report here." 


Case 5.—Fibroblastoma of the right temporal lobe. Death without operation. 
Necropsy. 

History—Mary T., aged 42, was admitted to the Boston City Hospital, on 
Dec. 26, 1909, in a semicomatose condition. 

Three months before admission, on arising from the breakfast table, she fell 
to the floor unconscious and remained so for three or four hours. After that time 
she had severe frontal headaches. She vomited two or three times, until within 
two weeks of entrance. At this time some teeth were pulled, and on going home 
she noticed some twitching of the left leg which continued for the next two weeks. 


Examination.—On admission, she was conscious but very stupid. The pupils 
were equal and did not react to light. There was a dorsal toe response to plantar 
stimulation on the right side. No other pathologic conditions were noted. 


On December 27, she became more stupid, and died before any diagnosis was 
made. 


Necropsy.—Necropsy was performed one and two-third hours post mortem by 
Drs. Backan and Hunter. Examination of the body revealed a healed tuberculous 
lesion of the apex of the left lung and acute suppurative otitis media and mastoiditis 
on the right side. The brain was removed without previous fixation. Dr. Hunter’s 
description reads in part as follows: 

“On removal of the dura the convolutions appear flattened; the brain is exceed- 
ingly dry, and sticky to handle. The blood-vessels are small and do not contain 
much blood. The temporal lobe on the right side is larger than on the left; it is 
adherent in the anterior and inferior portion to the dura. These adhesions are 
moderately firm and extend backward to about the middle of the inferior temporal 
convolution. The dura over the petrous portion of the temporal bone is removed 
with this tumor mass; otherwise dura is not remarkable. The lateral sinuses of 
the brain are negative. 

“The brain is taken out and coronal sections of the frontal lobes reveal nothing 
remarkable until the right temporal convolutions are sectioned, where a tumor is 
encountered, which measures 5.5 cm. in its lateral diameter; 4.8 cm. in its vertical 
diameter and approximately 3.4 cm. in its antero-posterior diameter (fig. 22). 
Section of this tumor shows the outer portion to be semi-opaque, somewhat 
cartilaginous in character, parts being fairly firm with irregularly scattered streaks 
of red markings, apparently blood-vessels. The central portion is opaque, soft, 
friable and of a greyish-yellow color. The capsule on the outside, where it is 
adherent to the dura, is smooth and well defined; on the inner portion it is fairly 


1. Typical fibroblastic tissue may often be seen in degenerating gliomas and, 
when a small fragment is removed at operation, may readily lead to an erroneous 
diagnosis of fibroblastoma. This has happened to me in one recent case in which 
the tumor proved later to be a glioma. It is a source of error to be carefully 
avoided in the study of surgical specimens. 
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well defined by a greyish-yellow margin, with internal to this the aforementioned 
semitransparent cartilaginous portion. Inferiorly the tumor is bounded by the 
dura; superiorly by the white and grey matter over the Rolandic area; internally 
by the cortical tissue, partially occupying the island of Reil and adjacent to the 
claustrum. The ventricles are apparently of normal size. The right lateral ven- 
tricle appears somewhat compressed toward the median line, the basal nuclei 

parently pushing upward and inward into the lateral ventricle; thus, the outer 

.rgin of the right lateral ventricle appears to be in about the median line. The 


naining portion of the brain has not as yet been sectioned, being preserved as a 
ss specimen. 














Fig. 22 (case 5, kindness of Dr. F. B. Mallory).—Sketch of coronal section of 
rain made at necropsy: a, solid neoplastic tissue; b, necrotic center. 


“Sections of the brain show a fibrosarcoma in the area mentioned, the central 
portion showing marked necrosis.” 

Microscopic Description—Blocks of tissue which had been fixed in Zenker’s 
fluid and embedded in paraffin were given to me by Dr. Mallory. Sections were 
stained with hematoxylin and eosin, van Gieson, phosphotungstic acid hematoxylin, 
neutral ethyl violet-orange G, by Perdrau’s and by Verhoeff’s methods. 

The tumor was seen to be composed of spindle cells (fig. 23) with elongated 
nuclei having a heavy nuclear membrane, finely granular chromatin and prominent 
nucleoli. Mitotic figures were numerous. Between the cells were numerous 
reticulin (fig. 24 a) and collagenic fibrils, but no elastin. Many fibroglial fibrils 
were easily demonstrated (fig. 24 b). 

The microscopic structure was that of a typical fibroblastoma. 








Fig. 23 (case 5).—Section stained with phosphotungstic acid hematoxylin, 
< 150; spindle cells with elongated nuclei characteristic of fibroblastoma. 











Fig. 24 (case 5).—a, section stained by Perdrau’s method, x ‘150; numerous 
reticulin and collagenic fibers. b, neutral ethyl violet-orange G, « 850; fibroglial 
fibrils. 
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There is no example in my collection of a typical fibroblastoma of 
the brain of this type, nor have I found any examples described in the 
literature unless Zagni’s case 2 may be such a lesion rather than a 
spongioblastoma multiforme. If, as Dr. Mallory believes possible, the 
tumor arose from the scar tissue of a healed abscess, the uniqueness of 
this neoplasm may be understood. I should like, nevertheless, to include 
he following two cases in this study, although a complete necropsy was 


+ 


‘t obtained in either, because of the typical structure of the tumors, 





Fig. 25.—Cross-section through brain and tumor from case 6. 
evidently sharply circumscribed from the cerebral tissue. 


The tumor is 


approaching that of the ordinary spindle cell sarcoma of the peripheral 


tissues. There is no reason to suppose that they were metastatic except 
for the rarity of such tumors in the intracranial cavity. 


CasE 6.—Meningioma of fibrosarcomatous type in the right temporal region. 
Left subtemporal decompression. Death three months later. Necropsy. 
History—Martha C., aged 27, referred by Dr. E. L. Sawyer of Roslindale, 


Mass., was admitted to the hospital on Jan. 3, 1916, complaining of headache and 
failing vision. 
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She had been well until July, 1915, when she began to have occasional head- 
aches. Her eyesight had failed steadily since this time, and several times lately 
she had the impression that there was a red wall on her left side. Vomiting 
occurred infrequently. 


She was somewhat obese and left-handed. 


There were present bilateral choked 
disks of from 5 to 6 diopters elevation. 


No defect in the visual fields could be 
found except general constriction; the right eye was almost blind. The sella 
turcica was irregularly enlarged. 

There being no definite localizing symptoms, a subtemporal decompression was 
made by Dr. Cushing on the left side, since she was left-handed. 


The brain was 
tense, but no evidence of tumor was seen. 














Fig. 26 (case 6) —Section stained with hematoxylin and eosin, « 300; spindle- 
shaped cells running in broad bands in various directions. 


Course of Illness—The patient was soon up and around the ward. 
decompressed area bulged and was very tense. 
receded to 2 


The 
The choking of the optic disks 


diopters with so much new tissue formation that vision was still 
further reduced. 


As no definite localizing symptoms appeared, she was discharged 
on Feb. 9, 1916. 


Necropsy.—The patient died at home on April 2, 1916. The brain was removed 


by Dr. E. Grey (exact time of post mortem is unknown), and fixed by immersion 
in 10 per cent formalin. 


In the right temporal region was a large tumor weighing 
130 Gm., attached lightly to the dura mater and completely enclosed by a lepto- 
meningeal capsule. The surface of the brain was pushed inward, and when the 
tumor was shelled out the convolutions could be seen in the depth of its bed. It 
was obvious that the tumor had arisen in the leptomeninx (fig. 25). Its surface 
was smooth and grossly nodular. 
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Microscopic Description—Although the gross appearance of the tumor was 

typical of the ordinary meningioma, its microscopic structure was different. 

Portions of the tumor, which had been fixed in formalin, were embedded in 

paraffin. Sections were stained with hematoxylin and eosin, phosphotungstic acid 
hematoxylin, Weigert’s resorcin-fuchsin, and by Perdrau’s method. Frozen sections 
were impregnated by Cajal’s reduced silver method and by Hortega’s silver 
carbonate method. 

The tumor was composed of elongated spindle-shaped cells with delicate cyto- 
lasmic extensions (fig. 26). The neoplastic cells ran in broad bands in various 
irections so that they were cut at different angles. The nuclei were oval or 

yngated with heavy nuclear membrane, fine granules of chromatin and one or two 


rominent nuclei. Mitotic figures were numerous. 

















Fig. 27 (case 6).—a, section stained by Cajal’s reduced silver method, x 850; 
he spindle shape of the cells is shown by overimpregnation. b, Perdrau’s method, 
100; showing the reticulum. 


No collagen was formed by the neoplastic cells and no elastin. The reticulin 
was mainly confined to the walls of the vascular sinuses but occasionally was 
diffusely scattered among the cells (fig. 27 b). Fibroglia fibrils could not be 
demonstrated because of the fixation. The shape of the cells could be seen best 
in sections excessively impregnated by Cajal’s method (fig. 27 a). 

The microscopic picture was consistent with a diagnosis of fibroblastoma or 
fibrosarcoma of the leptomeninx. 





The next patient is still living (October, 1927), and no signs of 
tumor outside the nervous system have appeared. 
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Case 7.—Fibrosarcoma of the right temporal region. Right osteoplastic 
exploration. Secondary operation with partial extirpation of tumor. Radiotherapy. 

History—John F., aged 19, referred by Dr. Daniel McCann of Bangor, Me., 
was admitted to the hospital on Dec. 17, 1926, complaining of failing vision, 
vomiting and headache. 

He had been well, with the exception of an ophthalmia at birth which had left 
defective vision in the right eye, until September, 1926. At this time he noticed 
that his vision again was failing. On November 1, he began to have daily attacks 
of vomiting, which continued until about December 1, when headaches set in and 
the vomiting became more persistent. For the last few days, he noted that he was 
apt to run into objects on his left side without seeing them. 

On admission, there was found bilateral choked disks of from 5 to 6 diopters 
elevation, left homonymous hemianopsia, nystagmus, especially on looking to thx 
left, and defective vision in the right eye from cloudy media. 

On Dec. 27, 1926, a right osteoplastic exploration was made by Dr. Cushin; 
with immediate subtemporal decompression. The brain was under tension, th 


convolutions flattened, the sylvian fissure displaced upward, but no tumor wa 
found. 


Course of Illness—The patient recovered slowly from the operation and wa 
discharged on Jan. 16, 1927. At this time headaches and vomiting were entire], 
relieved, the decompressed area was bulging but soft, and the swelling of the opti 
disks had subsided to 2 diopters. The left hemianopsia persisted, and in additiot 
there was a slight left hemiparesis. 

One roentgen treatment had been given on January 14. 

He felt well for about a month, and then a progressive weakness of the lef: 
arm and leg began, and by March 15 the left arm was practically useless. He ha 
two convulsive attacks localized to the left foot. He also had what seemed to hav 


been visual hallucinations in which he saw yellow lights before his eyes for a fev 
seconds. 


Second Admission.—April 28, 1927: At this time the decompressed area wa; 
bulging and tense, there was slight swelling of the optic disks, a left hemiplegia an 
hemianesthesia and a left homonymous hemianopsia. 

On May 10, the old operative wound was reopened and the bone flap removed. 
The temporal lobe protruded markedly. It was incised, and in doing so th« 
temporal horn of the ventricle was opened. On the inner wall of the ventrick 
could be seen a reddish discoloration indicating an underlying tumor. The tumor 
was soft, and a large amount was removed by suction. Some pieces were taken 
at various times for microscopic study. It was impossible to make a clean 
enucleation because of the great depth in the brain. 

There was improvement in the strength of his left arm but the decompressed 
area was very tense and he complained of stiffness of the neck, so that on May 18 
the wound was reopened and a great deal of clotted blood and degenerated brain 
tissue were removed, as well as some neoplastic tissue which had been meanwhile 
extruded. 

He recovered promptly and was discharged on June 5, 1927, with a left hemi- 
paresis, hemianopsia and hemianesthesia, but was comfortable and able to walk 
without assistance. 

He improved at home and was able to go to a summer camp, caring for him- 
self and even rowing a boat on the lake. He was examined on October 11, at 
which time the decompressed area was bulging and tense; the left spastic hemi- 
paresis persisted, but he was able to walk alone and was comfortable, with no 
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headaches or vomiting. There was a left lower quadrantal defect in the left visual 
field: the right visual field could not be examined because of imperfect vision. 
The left optic disk was pale, with hazy margins and no measurable elevation. 
Microscopic Description—Blocks were cut from various parts of the growth, 
fixed in Zenker’s fluid and in 10 per cent formalin, and embedded in paraffin. 
Sections were stained with hematoxylin and eosin, neutral ethyl violet-orange G, 
niline blue-orange G, by Verhoeff’s method for elastin and by Perdrau’s and 
ote’s methods for reticulin. 
Dr. S. B. Wolbach stated in his report on this tumor that “for the first time I 
obliged to return a diagnosis of fibrosarcoma.” The tumor was seen to be 
iposed of streams of spindle-shaped cells running in various directions so that 
were cut lengthwise, crosswise and at all angles in different parts of the 








Fig. 28 (case 7).—Section stained with methylene blue-eosin, x 300; character- 
tic microscopic picture of a spindle cell sarcoma. 


sections (fig. 28). The cells had delicate cytoplasm, staining lightly with eosin, 
and oval or elongated nuclei. The contour of the nuclei was rarely regular but 
usually angular or crenelated. The nuclear membrane was heavy; the chromatin 
was dustlike so that the nuclei had a vesicular appearance and the nucleoli were 
prominent. Mitotic figures were numerous. Vascular sinuses lined with a single 
layer of endothelial cells were scattered throughout the tissue. 

In the more cellular parts of the tumor only delicate reticulin fibrils could be 
found between the cells (fig. 29 a) but in degenerated areas considerable collagen 


was formed. Delicate fibroglia fibrils were present in different parts of the tumor 
(fig. 29 b). No elastin was seen. 


The tumor had, therefore, the typical structure of a fibroblastoma or fibro- 
Sarcoma. 





i 
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I have seen another similar tumor from Dr. Cushing’s early Johns 
Hopkins series. It was a huge growth weighing 341 Gm., and was 
removed in 1904 from the right parieto-occipital region of a 5 year 
old boy. Since insufficient tissue has been preserved for a complete 
restudy it is only mentioned here. 


ALVEOLAR SARCOMA 

In rare instances there may arise in the brain primary tumors 
which reproduce the structure of the small round cell sarcoma, the 
spindle cell or fibroblastoma and the melanosarcoma of the peripheral 











Fig. 29 (case 7).—a, section stained by Perdrau’s method, x 150; delicate 
newly formed reticulin fibrils scattered between the neoplastic cells. b, neutral 
ethyl violet-orange G, * 850; very delicate fibroglial fibrils. 


connective tissues. I have not found a sarcoma of alveolar type 
which was certainly primarily intracranial. The tumor in the following 
case is clearly of this type, but may be metastatic. This case is inserted 
to show how easily this type of tumor may be distinguished micro- 
scopically from a glioma, principally from the study of its reticulum. 


Case 8.—Hemorrhagic tumor in the region of the left basal ganglia, with 
the microscopic structure of an alveolar sarcoma (metastatic?). Suboccipital 
operation. Fatality. Necropsy. 

History—On Nov. 9, 1923, George H., aged 5, referred by Dr. W. E. Dake 


of Rochester, N. Y., was admitted to the hospital complaining of headache and 
vomiting. 
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He had been a healthy child until August, 1923, when he became listless and 
complained of being tired. A month later, he began to have headaches, accom- 
panied by vomiting, which had continued since that time. Recently, in severe 
attacks his head would be retracted, his arms tonically flexed and his fists clenched. 
Enuresis was frequent, but there were no clonic convulsions. 

On admission, the patient was drowsy and apathetic, preferring to remain in 
bed, for the assumption of an erect position caused severe headache. There was 

ccipital tenderness to pressure and some stiffness of the neck. The venules 

1e eyelids were distended. The optic disks were choked, with from 3 to 4 











Fig. 30 (case 8)—Transverse section through the tumor. 


diopters elevation. There was some hypotonicity of the extremities but no 
incoordination and no nystagmus. There was a slight right facial weakness. Per- 
cussion of the skull gave a cracked pot sound, and a roentgenogram showed the 
cranial sutures to be dilated. 

On November 21, a suboce¢ipital operation was performed by Dr. Cushing. 
Before the dura mater was opened, the occipital horn of the left lateral ventricle 
Was punctured and abundant xanthochromic fluid escaped. The same yellow fluid 
was obtained from the posterior cistern. No tumor was found, and the cerebellar 
hemispheres appeared normal. 

Course of Illness—The patient developed a hyperthermia, did not regain con- 
sciousness, and died the following day. 
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Pathologic Examination.—A general necropsy was not allowed, but the brain 
was removed after injection with 10 per cent formalin through the carotid 
arteries. Externally, only flattening of the cerebral convolutions could be seen, 
but when the brain was sectioned there was disclosed a hemorrhagic tumor 5 cm. 
in diameter arising apparently in the region of the left basal ganglia but pushing 
the third ventricle and velum interpositum over to the right so as to occupy prac- 
tically the center of the intracranial cavity (fig. 30). If primarily in the brain, it 
must have arisen from the connective tissue of the velum interpositum. The 
choroid plexuses of the left lateral and third ventricles lay free on its surface. 

Microscopic Description—Blocks of the tumor, which had been fixed in 
formalin, were embedded in paraffin. Sections were stained with hematoxylin and 














Fig. 31 (case 8).—Section stained with hematoxylin and eosin, «K 300. The 
nuclei are of connective tissue type. The cells of the stroma are not distinct from 
the other neoplastic cells. 


eosin, phosphotungstic acid hematoxylin, by Perdrau’s method, by Weigert’s 
resorcin-fuchsin method and by van Gieson’s method. 


The tumor was much degenerated and riddled with hemorrhage, but where the 
structure was fairly normal it could be seen to be composed of alveoli of rounded 
or irregular cells separated by septums of reticular tissue (fig. 32 b). A little 
collagen was present around the vascular sinuses in the cellular parts and was 
much more abundant in certain areas of sclerosis where the alveolar cells were 
degenerating or absent. No elastin and no fibroglia were seen. The reticulin and 
collagen seemed to be formed by the neoplastic cells. The nuclei along the 
strands of reticulin were sometimes more elongated but not otherwise different 
from the nuclei of the alveolar cells. The latter had irregularly oval or spherical 
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uuclei with heavy nuclear membranes, delicate granules of chromatin and prominent 
nucleoli (fig. 31). Mitotic figures were numerous. 

The structure was that of an alveolar sarcoma. No other nodules of tumor 
were found in the brain. The margin of the growth was nodular and fairly 
sharp, but there was no capsule. A narrow zone of interpenetration of the 
neoplastic and cerebral tissue existed and at one point the neoplastic cells followed 
the vessels to a considerable distance into the brain. At the margin of the tumor 
might be found numerous scavenger cells and petechial hemorrhages. The 
cerebral tissue near the tumor was slightly flattened and condensed. The tumor, 

refore, seemed to be growing both by pushing aside and by penetrating and 

troying the nervous parenchyma. 











Fig. 32.—a, copied from Romano, showing the arrangement of the reticulin in 
1 sarcoma. b (case 8), Perdrau’s method, x 100; arrangement of the reticulin 
that of an alveolar sarcoma. 


The common arrangement of the reticulum in alveolar sarcomas 
may be seen in the illustrations accompanying the articles of Romano 
(fig. 32a) and Speciale. It will be seen to be exactly similar in the 
tumor just described (fig. 32 b). 

The study of the reticulum of tumors was begun by the use of the 
digestion method as early as 1900, by White, and a similar study was 
made by Seelig, in 1907, of the distribution of reticulum in small round 
cells and lymphosarcomas. The latter author showed clearly the intimate 
network of reticulin in these tumors forming whorls, or lattice-work, 
radiating from focal points. The digestion method, however, does not 
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distinguish sharply reticulum from collagen and the study was renewed 
by the use of silver impregnations with the Bielschowsky method and 
its modifications. 

The first to use silver methods for the study of reticulum in tumors 
seems to have been Kuru, but the Italians have made most use of them 
in a series of articles by Righetti, Martelli, Niosi, Licini, Romano, 
Speciale and others. The latter used the tannic silver method of 
Achucarro. In this country, the study has been taken up by Foot and 
Day. 

The upshot of all these studies seems to be that the arrangement oi 
the reticulum tends to be different in sarcomas and in carcinomas but 











Fig. 33.—Neuro-epithelioma cerebri: a, Achicarro, x 80; b, hematoxylin and 
eosin, < 300. Stroma of connective tissue; note the ease with which the cells o1 
the stroma are distinguished from the neoplastic cells. 


is not pathognomonic. However that may be, there is no doubt that 
the arrangement of the reticulum in gliomas is different from that seen 
in sarcomas. Foot and Day remarked that the glioma, neuroblastoma 
and ganglioneuroma show no reticulum other than that of their blood 
supply. This statement is true in general, but, as Wolbach has pointed 
out, there may be in medulloblastomas (neuroblastomas of Wright) a 
considerable stroma of reticulin. It is exceedingly rare, however, that 
a sufficient reticulum exists to make the differential diagnosis between 
medulloblastomas and sarcomas difficult ; even in this case the distinction 
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may be easily made by the fact that in the medulloblastomas and neuro- 
epitheliomas, where the most abundant stroma occurs, the nuclei of the 
cells of the reticulum are clearly distinguishable from those of the 
neoplastic cells (fig. 33) which is not true in sarcomas. Moreover, 
the distribution of the reticulum in gliomas is different, consisting only 
of delicate strands running from one capillary to another, similar to the 
Robertson’s fibrils of the normal brain (fig. 33a). Of course, the 
vergrowth of fibroblastic tissue which occurs in the case of extensive 
veneration in tumors of neuro-epithelial origin must be carefully 
luded in making a differential pathologic diagnosis. 


SUMMARY 


| have tried to show by the description of a series of rare tumors 
v true sarcomas of the brain may arise, and to follow, as well as the 
ited material would permit, their structure and evolution. Although 
of the tumors reported were not proved by necropsy to be primarily 
racranial, I have used the doubtful cases to point out the structural 
racteristics by which sarcomas may be distinguished from gliomas. 


Although all these tumors must arise from the leptomeninx of its 
rivatives, their microscopic structure is exceedingly diverse. The 
rious types which they assume for the most part emphasize the kinship 
the pia-arachnoid with the extraneural connective tissues. Only thé 


currence of melanomas might be considered to argue in favor of a 
euro-ectodermal origin of these tumors, in case the melanin-bearing 
ells differentiate directly from the meningoblasts. However, in the 
sence of any direct embryologic observations on the development of 
e meningeal melanophores, it is possible that they migrate into the 
pia-arachnoid as they are said to do into the choroidal coat of the eye. 


Tumors of the type I have described are exceedingly rare, have no 
constant clinical manifestations, and form a very small percentage in 
ny statistics of cases of tumors of the brain. They are interesting 
largely from the standpoint of theoretical pathology. 
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THE HYPOPHYSIS OF THE PORPOISE 
(TURSIOPS TRUNCATUS)* 


GEORGE B. WISLOCKI 


Cetacea constitute a group of mammals in which the soft tissues have 

n studied only superficially. The size of these mammals and the 

ditions under which they are caught make proper preservation of 

ir bodies for dissection almost impossible, not to speak of the 
iculty of actual shipment to a laboratory and subsequent storage 
re. Moreover, in the case of most of the larger whales, so much 

elapses between the killing of the animals and the completion of 

\utopsy that, even in the field, it is difficult to obtain the viscera 

h and properly fixed. The magnitude of such an undertaking is 

ribed by Turner. At Longniddry, in 1872, he helped to cut up a 

it stranded finner whale which was 78 feet, 9 inches long, from 

ch a fetus measuring 19 feet, 6 inches was removed. 

[he dolphins or porpoises constitute the smallest of the whales. 

y are abundant along the coasts and estuaries of all continents, but 

y are seldom pursued and caught by man. From time to time, how- 

r, fisheries have existed in Europe and America where porpoises were 

tured to obtain the oil from their heads, which has considerable com- 

cial value. At one station in the United States, a group of inves- 
tors from the Johns Hopkins University had an unusual opportunity 
erform ten autopsies on porpoises. These animals, of the species 
irsiops truncatus, were from 7 to 8 feet (213 to 244 cm.) long and 
ighed approximately 600 pounds (273 Kg.). They were sufficiently 

ill, therefore, to allow tissues to be obtained and preserved in a 

ief time. 

Six skulls were opened during an afternoon, and the brains were 
removed by a team of workers. At the same time, the hypophysis was 
uncovered and observed. The pituitary glands presented such an 
unusual appearance that a number of them were carefully taken out 
and fixed in formalin bichromate or Bouin’s fluid. 

The hypophysis of Tursiops lies in an extremely shallow depression 
of the sphenoid bone. The anterior clinoid processes form a slight 
transverse bony ridge bounding the sella anteriorly. The posterior 
clinoid processes, however, are absent, the sella being demarcated 
posteriorly by a smooth, scarcely perceptible transverse elevation. The 
hypophysis lies flattened out in this shallow depression. It is enclosed 
by a capsule of dura mater, of which one layer covers the floor of the 


*From the Department of Anatomy, Johns Hopkins University. 
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sella turcica and the other constitutes the diaphragma sellae. The 
diaphragma, to be described later, bears an unusual relation to the 
neural and epithelial portions of the gland. 

The hypophysis is a flattened, rectangular organ attached to the 
diencephalon by a stalk. On removing it from the base of the brain, 
one discovers at once that it consists of two rather independent parts: 
(1) a rectangular portion, which is extremely red and vascular, and 
(2) a smaller overlying portion, which is ovoid and comparatively 
pale and avascular. The two parts are separated from one another 
by a fold of dura, a portion of the diaphragma sellae which is split into 
two laminae to form a pocket accommodating the smaller lobe and 
separating it from the larger one. The larger, vascular lobe, is 
obviously, grossly homologous to the pars distalis of other mammals, th: 
smaller lobe homologous to the processus infundibuli. The two ar 
united in the porpoise in one region only, namely, at the infundibulum 
The epithelial portion of the gland, at the point (fig. 1, A and B) 
clasps the infundibulum by a thin lamina, enfolding the neural stall 
in the form of a collar, incomplete or open on the posterior surface 
The diaphragma sellae prevents further union of the epithelial an 
neural derivatives. As the dura spans the sella, it separates into tw 
sheets, one extending dorsad to the processus infundibuli, the othe: 
spreading out beneath the neural lobe into the recess between it and th: 
underlying pars distalis (fig. 1, B). The dorsal lamina is perforate: 
by the infundibulum, and the ventral lamina, by an extension of th« 
epithelial portion of the hypophysis which grows upward to ensheat! 
the infundibulum. It is obvious, however, that most of the bucca 
portion of the gland remains anatomically separated from the neura’ 
lobe. 

The hypophysis is not unusually large for the size of the animal 
The larger lobe, the pars distalis, measures approximately 2 cm. in 
width, 1.5 cm. anteroposteriorly and 0.5 cm. in thickness, whereas the 
corresponding measurements of the neural lobe are 10, 7 and 3 mm., 
respectively. 

When sections of the hypophysis are examined under the low power 
of the microscope, other peculiarities of structure are observed. The 
pars distalis, or anterior lobe, is composed of cords of cells separated by 
a reticulum and so arranged as to constitute lobules. In each lobule, the 
characteristic cellular elements are arranged in a somewhat definite 
manner (fig. 3, 4). In the pars distalis, the cords of cells, or lobules, 
contain neither colloid or cysts. 

The outgrowth from the anterior lobe, which extends upward as 
a thin lamina through the gap in the diaphragma sellae to join the 
infundibulum, is composed, on the other hand, exclusively of follicles 
containing colloid (fig. 4, B). The follicles of the juxtaneural portion 

















lig. 1—A, the adult hypophysis of the porpoise (Tursiops truncatus) seen 
from the dorsal surface, with the meninges removed. The well marked separation 
{ the processus infundibuli from the pars distalis can be observed. The juxta- 
neural part of the buccal portion of the hypophysis embraces the infundibular stalk 
as a thin lamina. In the fresh specimen, the anterior portion of the gland is deep 


l, whereas the neural portion is pale. B, schematic representation of a mid- 


sagittal section through the hypophysis, showing the almost complete separation 
of the two lobes. The dural sheath surrounding the lobes is represented by a 
dotted line. A hypophyseal cleft, as well as a pars intermedia, is lacking. The 
infundibular recess is a slitlike cavity extending for a short distance into the 
infundibular stalk; x 3. Jnf., infundibulum; P. i., processus infundibuli; P. d., 
pars distalis, and P. j7., pars juxtaneuralis. 
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1406 ARCHIVES OF SURGERY 


with their uniform and characteristic structure merge gradually into the 
lobules of the pars distalis at the juncture of the juxtaneural lamina and 
the body of the buccal portion. In this zone of transition, the amount 
of colloid in the follicles decreases. The cellular mantle increases in 
thickness, until the follicles become completely cellular, with the cells 
arranged solely as in the anterior lobe. Thus, the pars buccalis consists 
of two microscopically differentiable portions separated by a transition 
zone. These two characteristic histologic segments are homologized 
most readily with the pars tuberalis and pars distalis of other mammals. 

An intermediate portion of the buccal derivative, a pars infundibu- 
laris, is entirely lacking. A demonstrable residual lumen of Rathke’s 
pouch is not present, either as a cavity or in the presence of cysts. 
Moreover, there is not a special arrangement of the cells characteristic 
of the intermedia in other mammals. A mammalian hypophysis in which 
the intermediate portion is lacking, as in the porpoise, is unusual. In 
man, the cleft separating the intermedia from the pars distalis is known 
to disappear frequently in the course of growth or to become con- 
verted into cysts with a gradual obliteration of the intermedia. In 
all other mammals, however, the persistence of the cleft and its charac- 
teristic cells is described. In lower vertebrates, particularly in birds, the 
absence of the cleft and of the pars intermedia is the rule. Lacking 
knowledge of the early developmental stages of the porpoise, one can- 
not determine how early the cleft resulting from the invagination of 


Rathke’s pouch becomes obliterated. In the adult porpoise, however, 
the buccal portion of the hypophysis consists of only an anterior lobe 
and a pars tuberalis. 


The finer structure of these two parts differs somewhat from 
the arrangement and character of the cells encountered in the hypophyses 
of other mammals. The anterior lobe exhibits a pronounced lobulation 
resulting partly from the arrangement of the cells which constitute the 
lobules, and partly from the disposition of the reticulum surrounding the 
lobules (fig. 3 A). The anterior lobe is extremely vascular, con- 
taining sinusoidal capillaries and veins. The endothelium of the vessels 
rests on a rich layer of reticulum fibers and cells which support the 
blood vessels and serve as a line of demarcation for the cords or 
lobules of hypophyseal cells. 

The cells within the lobules show a fairly definite relationship to 
one another and to the surrounding vessels. There are three character- 
istic types of cells distinguishable in the anterior lobe, as in other 
mammals: eosinophil cells, basophil cells and chromophobe cells. The 
majority of the basophil and chromophobe cells have a nucleus which is 
vesicular and rather large and possesses an open chromatin network. A 
lesser number of cells have a nucleus which is smaller and pyknotic, 
therefore staining more deeply; the chromatin network cannot be dis- 





Fig. 2.—Drawing of a lobule of the pars distalis showing the arrangement and 
racter of the cells; ac., acidophil cell; bas., basophil cell; chr., chromophobe 
ll: str., stroma, and f¢r., transitional cell. Mallory’s connective tissue stain. 
asophil and eosinophil cells occur on the periphery of the lobule, whereas chromo- 
obe cells predominate in the center. Many basophils exhibit red cytoplasmic 
ranules and several cells show accumulations of larger red granules in thgi 


cytoplasm, suggesting transitional stages between basophilic and acidophilic 
700. 
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tinguished. The eosinophil cells exhibit only the vesicular type of 
nucleus. 

The basophil and eosinophil cells do‘not show a constant distribution 
throughout the anterior lobe. The eosinophil cells are somewhat more 
numerous in the interior of the gland than in its periphery. Moreover, 
the eosinophil cells often occur in nests which constitute almost the whole 
cellular content of a cord or lobule. The hypophyses described are from 
le porpoises only. The possible changes concurrent with an estrual 

or with pregnancy, therefore, do not have any bearing on the 
ission, 

the individual lobules constituting the hypophysis of the por- 

the arrangement of the three types of cells is fairly constant. 
lobule or cord has a peripheral row of cells and a group of cells in 
nter (figs. 2 and 3, A and B). The rim of cells consists invariably 
ophil cells, eosinophil cells or a mixture of the two dependent on 
iracter of the lobule. These two elements, therefore, are close to 
od vessels. On the other hand, the center of the lobule is 
ied largely, although not exclusively, by chromophobe cells 
2 and 3, B and C). There are occasional eosinophil as well as 
hil cells in the centers of the lobules. In several hypophyses, also, 
nters of the lobules in some parts of the anterior lobe are occupied 
ve, ordinary fat cells (fig. 3, D). 
sections colored with Mallory’s connective tissue stain, a curious 
g of many of the basophil cells is observed. The eosinophil, 
\il and chromophobe cells are clearly and sharply stained in these 
ns. Examination of many basophil cells under the oil immersion 
‘eveals, in addition to a deep blue coloration of the granules of the 
lasm, that the cells are dusted with small red granules (fig. 2). In 
instances, these granules are scattered throughout the cytoplasm, 
others they exhibit a tendency to be gathered into a cluster around, 
but predominantly to one side of, the nucleus. In other basophils, the 
acilophilic granules are larger and more abundant giving a completely 
acidophilic character to a portion of the cytoplasm (fig. 2). Conversely, 
a iew decidedly eosinophilic cells possessing basophil granules in the 
neighborhood of the nucleus have been observed. 

This staining of many of the granular cells in sections treated with 
Mallory’s connective tissue stain is unusual. 

The occurrence of both types of granules in a single cell has not 
been described in the hypophyses of other mammals. It suggests 
strongly the possibility that the fine acidophilic granules occurring 
in the basophils may be antecedents of the eosinophil granules 
of the typical acidophil cells. It raises the question as to 
whether the two types of cells are only different functional stages of a 
single cell, an hypothesis which is advanced by some observers, but 
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Fig. 3—A, a portion of the pars distalis, showing a pronounced lobular arrangement with @ 
tendency of the chromophobe cells to occupy the centers of the lobules; < 195. B, a lobule with 
basophil cells on its periphery, and chromophobe and a few eosinophil cells in the center; X 500. 
C, a lobule in which eosinophil cells occupy the periphery, with chromophobe cells in the cemtef; 


< 500. 


D, a portion of the pars distalis showing fat cells occupying the centers of the lobules; 
x 195. 
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denied by others. The presence of granules of both types in the same 
cell certainly suggests a transitional phase between basophils and 
eosinophils and is sufficiently interesting to make further work on the 
hypophysis of the porpoise desirable. 
From this standpoint also, the other observation on the pars anterior 
may be important, namely, that the granular cells have a tendency 
to peripheral distribution in the lobules, whereas the nongranular cells 
are restricted to the interior of the lobules. Consequently, the cells 
producing granules, which are most likely the secretory cells, are nearest 
to the periphery and closest to the vascular sinuses, the only possible 
avenues of escape of secretion from the pars distalis. In other material, 
servers have described the presence of eosinophil granules lying free 
e sinuses. In the present specimens, eosinophil granules were also 
‘ved in the vascular spaces, whether as the result of artefact or of 
| discharge, it is impossible to say. It seems significant, however, 
the eosinophil cells in most of the lobules are in close proximity to 
erivascular tunic. 


én examination of the zone of transition between the anterior lobe 
he pars tuberalis, the first thing noted is the appearance of one or 
droplets of colloid between the chromophobe cells in the interior 
rops of colloid increase in size. The eosinophil cells in the periphery 
e lobule dwindle in number, as do also the basophil cells, though 


‘ gradually. For the first time, chromophobe cells now make their 
irance in large numbers along the rim of the lobule, until, as the 
distalis is reached, the eosinophil and basophil cells have all been 
iced by chromophobe cells. 

(he typical structure of the pars tuberalis consists of follicles con- 
taining colloid which are lined by one row, occasionally by two rows, of 
chromophobe cells (figs. 4, B). Some of the follicles appear to be so 
distended with colloid that the limiting epithelial cells are cuboid in shape 
or even shorter. The uniformity in size and distribution of the follicles 
is characteristic. The follicles are dispersed in a rather loose reticular 
stroma containing numerous thin-walled sinusoidal blood vessels. The 
number of these vessels is in striking contrast to the relative avascularity 
of this portion of the gland in the human and other mammalian 
hypophyses. 

Sections reveal the line of fusion of the pars tuberalis with. the 
infundibulum. The line of junction is sharply defined, as can-be seen 
in sections stained with Mallory’s connective tissue stain. The deeply 
stained reticulum surrounding the follicles and vessels of the pars 
tuberalis does not intermingle with the relatively pale-staining, neu- 
roglial groundwork of the neural tissue. When a vessel penetrates the 
neural stalk from the pars tuberalis, it is accompanied by a deep-staining 


perivascular sheath, an extension from the stroma of the epithelial 
tissue. 














Fig. 4.—A, the junction of the pars distalis with the pars tuberalis; colloid drop- 
lets appearing in many of the lobules should be noted; eosinophil and basophil cells 
are still abundant; « 195. B,, the pars tuberalis and the adjacent infundibulum with 
the follicles containing colloid which are characteristic of this region; the pars 
tuberalis shows marked vascularity; the sharp line of demarcation between the pars 
tuberalis and the pars nervosa can be seen; X 195. C, another portion of the pars 
tuberalis, illustrating the size and shape of the follicles, and the pronounced vascu- 
larity of the tissue; X 195. D, a portion of the interior of the processus infundibuli 
showing numerous sinusoidal vessels; the structure of the pars neuralis appears to be 
quite uniform and simple, consisting solely of these vessels and neuroglial cells; x 195. 
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Histologically, the pars nervosa is simple and uniform in character. 
It is composed of fine meshed neuroglial tissue in which blood vessels 
occur rather abundantly. Nerve cells are not encountered. Hyaline 
bodies or droplets of colloid are not present in the posterior lobe, nor 
are glandlike, epithelial sprouts or isolated epithelial cells seen to invade 
the infundibulum at the line of junction with the lamina of the pars 
tuberalis. The vascular supply of the pars nervosa is certainly greater 
than it is in other mammals. The interior of the processus infundibuli 
appears in places to be honeycombed by thin-walled, anastomosing, 
inusoidal blood vessels (fig. 4, D). 
The infundibular cavity, consisting of a slitlike cleft extending from 
e third ventricle into the infundibular stalk, fails to penetrate the pro- 
essus infundibuli, which is solid (fig. 1, B). The cavity is flattened 
\teroposteriorly and is lined with a single layer of ependymal cells. 


COMMENT 


Observations on the hypophysis of the porpoise emphasize the 
iriable morphology of this structure in mammals. These differences 
rom the customary structure of other mammals relate to the gross, as 
ell as to microscopic, anatomy of the gland. 

The underlying significance of the differences in the mammalian 

ypophysis remains obscure. The morphology of an endocrine gland of 
his type might be thought relatively constant. The adaptation of form 
» function in mammals is readily understood in reference to the pur- 
oseful adaptation of the skeleton and extremities to different postures 
and modes of progression, or of the stomach and intestines to the 
xigencies of digestion. On the other hand, in organs which are not 
ybviously subjected to direct environmental stimuli, the factors which 
)perate to produce the varying morphology within different species are 
difficult to elucidate. 

It is important, however, to bear in mind that the hypophysis of 
mammals differs considerably in its structure. The whales, in many 
respects, highly differentiated, and aberrant mammals, adapted to marine 
life, may have a hypophysis peculiarly modified to meet their special 
needs. The morphology of the hypophysis common to the group of 
mammals, as well as the special features existing in individual species, 
will have to be considered in the attempt to correlate the form of the 
structure with the biologic functions controlling and regulating growth 
and reproduction. 

SUMMARY 


1. In the porpoise, the processus infundibuli is separated anatomically 
from the buccal portion of the hypophysis by a fold of dura, a portion 
of the diaphragma sellae. 
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2. The pars intermedia and hypophyseal cleft are completely lacking 
in the adult porpoise, the pars buccalis consisting solely of a pars 
tuberalis and of a pars distalis. 


3. The pars distalis consists of lobules which are much more pro- 


nounced than in other mammals. These lobules contain three types of 
cells similar to those customarily recognized in the mammalian 
hypophysis. With Mallory’s connective tissue stain, however, many of 
the basophils and a few of the eosinophils contain both acidophilic and 
basophilic granules. These cells suggest transitional forms between 
basophils and eosinophils. Within each lobule, the cells are arranged in 
a somewhat definite relationship. The periphery or rim of each lobule 
is formed solely by a row of granular cells, whereas the center of the 
lobule consists chiefly of chromophobe cells, besides occasional eosinophil, 
basophil or fat cells. 

4. The pars tuberalis is composed of follicles containing colloid. Th: 
epithelial cells lining the follicles are chromophobe and usually in sing]: 
layers. 

5. The pars nervosa is composed throughout of neuroglial tissue 
supporting blood vessels. Nerve cells, hyaline bodies or droplets o 
colloid are not present. The infundibular cavity does not penetrate tl 
processus infundibuli. 



































IMPROVED METHODS FOR NEPHROPEXY AND FOR 
EXPOSURE OF THE KIDNEY 


FREDERIC E. B. FOLEY 


Nephropexy, a procedure once well regarded and frequently 
employed, has become almost an obsolete operation, and through no 
fault of its own. In spite of this fate, two facts on which the rationale 
of the operation is based remain true: (1) nephroptosis directly and 
solely responsible for obstruction, painful symptoms and persisting 
infection does occur; (2) the condition may be permanently corrected 
by appropriate surgical procedure. Failure to meet the diagnostic and 
operative requirements imposed by these two facts has given rise to 
incorrect conclusions in three different groups of cases, and has earned 

nephropexy its present disrepute. 





In the first group of cases there is no significant abnormality of the 
er urinary tract, the loose kidney being a mere incident and of no 
sequence. No other anatomic change in kidney or ureter is present : 
the symptoms are of extra-urinary tract origin, erroneous con- 
ions to the contrary being due to inexact methods of diagnosis. In 
group, the operation has been done most frequently for relief of 
minal pain: in one -case mild, vague and poorly localized; in 
ther, severe, well localized, and much like renal colic; but of renal 
ireteral origin in neither. It is nothing against nephropexy that it 

s to relieve the symptoms of disease of the gallbladder, appendicitis, 

t's disease or the symptoms of the various other conditions actually 

ponsible in these cases. The operation has even been employed for 

ief of nervousness, headache, “poor digestion,’ and vagaries for 
ich the innocent loose kidney is responsible only in the imagination 
the surgeon. 

In the second group of cases the symptoms are of urinary 
tract origin, and significant abnormality of these structures is 
present and directly responsible for symptoms. Pain, persistent infec- 
tion, effects on urination and changes in the urine, one or all may be 
present. Failure to apply rigorous diagnostic criteria permits the loose 
though innocent kidney to be accused, but leaves the actually responsible 
lesion unrecognized. Nephropexy will not remove a ureteral stone, 
dilate a stricture or correct any of the various other lesions, some of 
them very obscure perhaps, which may be producing the symptoms in 
such cases. 

In the third group, nephroptosis itself is solely and directly responsi- 
ble for symptoms. This conclusion is warranted only through pains- 
taking and comprehensive clinical investigation, which not only demon- 
strates the symptoms to be of upper urinary tract origin but definitely 
assigns nephroptosis as their cause. In this, the only group in which 
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there is excuse for the operation, wrong conclusions have been arrived 
at and further disrepute has been earned for nephropexy by failure to 
meet the requirement to employ an appropriate surgical procedure. Either 
a method for renal fixation fundamentally wrong and incapable of 
accomplishing its end has been employed, or through technical faults on 
the part of the operator, the purpose of a good procedure has been 
defeated. 

Certain cases may present unusual difficulties which make proper 
positioning of the kidney and ureter impossible or render incapable of 
execution important details of the method it is sought to employ. Failure 
here only acknowledges that unusual technical difficulties may impose 
limitations on the operation. These exist for most surgical procedures. 

Apart from failures arising from the sources already enumerated, 
and incorrect conclusions based on them, there is nothing which entitles 
nephropexy to its present disfavor. A properly designed operation for 
fixation of the kidney based on correct conceptions of tissue reaction and 
repair and employing sound surgical principles will accomplish its pur 
pose for the same reasons that a uterine malposition may be corrected 
or that a hernia may be repaired. Only by such a procedure employed 
exclusively in cases to which rigorous diagnostic criteria have beet 
applied may nephropexy be properly appraised. 

The method for fixation of the kidney here described is not offere: 
as the best method. It it merely asserted that in cases in which exactin; 
methods. demonstrated nephroptosis to be the cause of symptoms it ha 
regularly given excellent results and has appeared to fix the kidne: 
permanently. So far as it has been possible to determine, the method i: 
some measure is new and original. On this ground, however, no claim 
are made for it as it merely adapts to a certain scheme of procedure 
and technical accomplishment principles in no way original. It seem: 
sound in surgical and mechanical principles and employs no flaps, trick 
sutures or other bizarre foibles in which the literature of nephropexy 
abounds. 

In the evolution of this operation for nephropexy it became apparent 
that the dissection employed as the first step in the procedure gave an 
unusually fine exposure of the kidney. Particularly in obese subjects 
and in operations ordinarily made difficult by old inflammatory infil- 
tration of the perirenal structures it was found to facilitate exposure 
remarkably and gave access to the vessels, the pelvis and upper ureter 
with considerably less impediment than procedures previously employed. 
Forthwith, this method of exposure was adopted as routine for all 
operations on the kidney on the Urologic Service at the Ancker Hospital 
and in private practice, and has been so employed continuously during 
the past five years. The experience of my associates and myself with 
these methods in several hundred operations recommends them for 
description. 
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SURGICAL PROCEDURE 


Position of Patient—For exposure of the kidney there is no detail more 
important than the position and fixation of the patient on the operating table. No 
amount of operative skill will compensate for lack of proper attention to this. 

Figures 1 and 2 show the arrangement which has been employed. The table 
mattress lies over the mechanical kidney elevator or bridge, and serves to protect 
the patient from trauma by its edges. The plane of a midfrontal section of the 
patient’s body is made exactly vertical on the table. The patient is so placed that 
the edge of the bridge toward the foot of the table crosses the flank just above 
the crest of the ilium. The under part of the thigh is flexed and so serves to 














Figure 3. 


steady somewhat the position. Two pillows are placed between the thighs and legs, 
the fully extended extremity of the side of operation lying on them. A girth is 
drawn securely taut over the leg just below the knee. The under shoulder girdle 
is drawn toward the head by traction on the arm, thus stretching somewhat the 
flank and straightening it out by correcting the tendency to anterior flexion of the 
lumbar spine. The patient’s back is close to the operator’s edge of the table. As in 
a vise the body, with its frontal plane in vertical position, is supported by the two 
flanges attached to the bridge, the long one against the abdomen, the short one 
against the back. 

Incisions—For nephropexy, the incision shown in figure 3 is employed. It is 
not carried up into the costovertebral angle, as in operations for other purpose, but 
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begins well anterior to the edge of the sacrospinalis muscle, thus leaving intact the 
wall of the renal fossa in which the kidney for fixation is to be placed. Beginning 
below and parallel to the twelfth rib, the incision is extended forward the required 
length. 

For procedures other than nephropexy, preservation of an intact renal fossa 
is not important and much facility is gained by extending the incision well up into 
the costovertebral angle as shown in figure 4. The arcuate ligament stretching 
across the angle from the twelfth rib to the transverse process below it may be 
divided later and will permit considerable upward retraction of the rib and wide 
opening of the wound. 














Figure 4. 


Division of skin and subcutaneous fat upward parallel to the spine and across 
the rib or articular process will remove the interference they offer to wide retrac- 
tion of the deeper layers. The incision may be continued into the front of the 
‘bdomen as required by the stature of the patient or the individual requirements of 
the case. For nephro-ureterectomy, it has been extended down into the lower 
juadrant somewhat in the form of a Gibson incision. 

Free division of all muscles is made with exposure of the lumbodorsal fascia 
(fig. 5). This fascia is incised for the most part parallel to its fibers. The twelfth 
subcostal nerve is found coming through the fascia near the middle of the incision. 
Care should be taken not to include the nerve in a ligature or otherwise injure it. 
The forward part of the incision is placed well above the emerging nerve so that in 
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its downward course it will not have to bridge the incision and so form an obstruct- 
ing cord. In the upper part of the incision, where the nerve lies on the inner 
aspect of the lumbar fascia and muscles, it may be lifted out of its bed and pushed 
away as the incision in the fascia is extended upward. This also permits free and 


rapid division of the arcuate ligament well up into the angle if this is required. 
Exposure—The first most important detail of the special technic of exposure 
lies in taking advantage of a natural line of cleavage between the pararenal or 
Gerota’s fascia and the muscles posteriorly on which it lies. 
Previous to adoption of the present method it had been customary to incise 
immediately the pararenal fascia with exposure of its contained mass of perirenal 














Figure 5. 


fat, the kidney being approached by blunt dissection through this. From textbook 
descriptions and observation of numerous operations in other hands, such a method 
of approach appears to be employed generally. In the technic recommended here, 
such a line of procedure is carefully avoided. By comparison with the former 
method of approach, the dissection has been found of particular advantage in very 
obese subjects and in cases with extensive old inflammatory change in which hard 
infiltration of the fat renders difficult dissection through it. It gives a wound 
free from the relentless impediment of slippery fat that obscures exposure and 
handicaps every manipulation. 

As shown in figure 5, division of the lumbodorsal fascia will have exposed the 
pararenal fascia, or fascia of Gerota, lying immediately beneath it and only here 
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and there separated from the lumbar fascia and muscles of the renal fossa by a 
trifling amount of pararenal fat. Between the two fascias is a clean line of 
cleavage. This is opened by blunt dissection, the pararenal fascia stripping cleanly 
away from the lumbar fascia and the muscles of the renal fossa. All fat is thus 
removed from the surfaces of these structures so that if fixation of the kidney is 
to be made, a renal fossa of bare muscle surface has been prepared in advance. 
Upward, the blunt dissection is carried under the diaphragm to an extent necessary 
to free the upper posterior attachments of the perirenal fat, and downward well 
below the lower limit of the kidney. The upper ureter will be seen on the posterior 
urface of the mass of fat covered only by a layer of pararenal fascia. In this 























Figure 6. 


way a large space is opened up behind the whole mass of perirenal fat which 
remains completely enclosed in an intact investment of Gerota’s fascia (fig. 6). 
Che blunt dissection is continued medialward to the vertebral bodies, the pararenal 
fascia stripping away from the muscles of the fossa without difficulty. This dis- 
section deep in the wound may be facilitated by holding forward with a Deaver 
retractor the freed fascia with its contained fat and kidney, or they may be lifted 
up out of the wound as shown in figure 6. 

With the kidney and its surrounding mass of fascia enclosed fat thus held 
medialward, the vertebral bodies may be readily seen and palpated. The renal 
artery and vein lying immediately under the stripped up Gerota fascia extend 
medialward toward the great vessels over the vertebral bodies. 
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As indicated by the dotted line in figure 6, incision is now made through the 
fascia enclosing the fat. The incision is placed behind and slightly medial to the 
kidney pelvis. It extends longitudinally from above the level of the upper pole 
of the kidney, crosses the vascular pedicle, and is continued downward well below 
the lower pole level. Any desired extent of upper ureter may be exposed by con- 
tinuing the incision in the fascia downward parallel to the ureter. 

The layer of fat at the hilum of the kidney and covering the posterior surface 
of the renal pelvis is exposed by this incision. As a plaque, it is stripped away 
from these structures and from the whole posterior surface of the kidney (fig. 7). 




















Figure 7. 


In this process care should be taken to enter exactly the cleavage plane between 
the lipomatous mass and the structures from which it is to be separated. If 
nephropexy is contemplated, loosening of the true capsule of the kidney must be 
avoided. In cases with dense inflammatory infiltration, the usually well 
defined cleavage plane between fat and kidney capsule may be obliterated. Under 
such circumstances, if the kidney is to be removed, the true capsule may be 
incised on the posterior surface of the kidney along its medial concave margin 
and the organ shelled out of its own true capsule (modified subcapsular nephrec- 
tomy). Serious difficulty will be encountered in this process only in cases in 
which there is extreme inflammatory change. 
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Stripping of the perirenal fat away from the posterior surface of the kidney is 
continued to the lateral convex margin and on over the anterior surface (fig. 8). 
The whole mass of surrounding perirenal fat still attached to the Gerota fascia 
which enclosed it thus will have been removed from the fossa. Covered by gauze, 
it may be held medialward out of the way for the rest of the operation. The 
abdominal viscera, duodenum, pancreas and colon, uncovered by peritoneum 
posteriorly, overlie the portion of fat anterior to the kidney and are thus retracted 
forward well out of the way. The intervening layer of fat between them and the 
kidney protects them. 

At the hilum of the kidney and over the vascular pedicle troublesome bleeding 
will be avoided only by very gentle stripping of the fat. By this process, however, 
he structures entering the sinus renalis may be completely denuded, permitting a 

reful and detailed examination of them. 

















Figure 8. 


In figure 9, the structures concerned in this dissection are shown both in their 

iginal undisturbed relations (left side) and in the relations established by the 
dissection (right side). 

Operative Examination and Considerations—Even though the most compre- 
hensive kind of preoperative clinical examination has been made and the operation 
has been undertaken for the particular purpose of fixation of the kidney, the 
opportunity presented for further visual and tactile examination of the well 
exposed kidney should not be neglected. Particular attention should be paid to 
the renal vascular arrangement, the relations and anatomic condition of the upper 
ureter and the ureteropelvic junction and the degree of muscular irritability 
exhibited by the latter structure. 

Not infrequently nephroptosis produces symptoms only when it exists in com- 
bination with some, perhaps insignificant, abnormality of these structures. Of 
these conditions, which with nephroptosis may be mutually responsible for symp- 
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toms, the most frequent are anomalies of the renal vascular arrangement. They 


are found as separate supernumerary arteries and veins entering the sinus renalis 
below the main vessels. 


They may have origins from cava and aorta separate 
from the main vessels or may exist merely as premature branchings of them. In 
either case the anomalous branches may act as obstructing bands if they are so 


disposed in their relation to pelvis and ureter as to permit folding of these struc- 


tures over them incident to descent of the kidney. There is a particular arrange- 


ment of such vessels which requires little more than normal kidney mobility in 
order to make trouble; the anomalous vessel passes in front of the ureter but is 
inserted into the crevice between the posterior surface of the pelvis and the posterior 
lip of the sinus renalis. This course of the vessels in front of the ureter, through 
the crotch of the ureteropelvic junction to their insertion behind the pelvis, will 
not permit them to slip up over the front of the pelvis on descent of the kidney 


Instead, the ureteropelvic junction straddles the vessels which make pressure on it 
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Figure 9. 


with interference to drainage. Painstaking and careful examination of the vascula: 
arrangement has shown the presence of this situation in a number of cases. 

Another factor mutually responsible with anomalous vessels as the cause oi 
symptoms is “horizontal axial rotation of the kidney.” This is to be distinguished 
from ptosis. It may be demonstrated in a comparison of pyelograms made in the 
recumbent and in the fully erect standing position. On assumption of this position 
the kidney rotates on its horizontal axis, the upper pole coming forward. This will 
have been evident in the pyelogram by decrease of the pole to pole dimension and 
by reduction or closing of the angles between the calyces due to the forward oblique 
plane which the kidney presents to the ray in its altered position. There need be 
little or no actual descent. Pitching forward of the upper pole folds the ureter 
over the anomalous vessel crossing in front of it with resultant interference with 
drainage. This condition associated with anomalous vessels as found at operation 
has been demonstrated repeatedly by urography, and the symptoms relieved by 
appropriate surgical procedures. 

The anomalous vessel rarely is found only as a persisting obliterated fibrous 


cord. Satisfactory explanation for this is found in the morphogenesis of the renal 
vascularization. 
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What flimsy structures, “bands” or “adhesions,” about the ureter and pelvis 
are of clinical importance may be difficult to say. The ureter is separated from 
them in the process of exposure for examination. Definite and well localized 
investments of inflammatory fat may be found. In conjunction with ptosis these 
may be important in preventing the ureter from following movements of the kidney, 
thus causing obstruction at the point of fixation. The ureter must be dissected free 
from such inflammatory tissue and the latter removed when possible. 

There may be extreme irritability of the pelvic and ureteral muscle as evidenced 
by violent and persistent contraction in response to the stimulation of gentle touch. 
Spasm of the muscle spreads from the point of stimulation. The ureter becomes 
reduced to a blanched white cord. In less violent manner the pelvis contracts and 

y remain so for several minutes. In two cases in which this extreme muscle 

ritability was observed in conjunction with ptosis, “renal perivascular sym- 
thectomy” was done, together with the kidney fixation. In both instances, relief 
painful symptoms was complete. Whether or not sympathectomy contributed 
this is impossible to say. 
Procedures Other Than Nephrobexy—With the exposure here described com- 
ted and the careful visual and tactile examination made, the particular operative 
cedure indicated and required may be undertaken. Whatever this may be— 
hrectomy, nephrotomy, pyelotomy, division of vessels, ureterolysis, pelvio- 
teroplasty, nephropexy—it will be greatly facilitated by the exposure which 
been obtained. 

lf nephrectomy is to be made, excellent access to the vascular pedicle is avail- 

The pedicle will have been approached through a clean natural line of 
ivage and mobilized almost to its origin at the great vessels. It will be exposed 
lial to any mass of infiltrated fat which may be present, the latter having been 
ircled posteriorly by the dissection. In almost every case it has been possible 
clamp the vessels doubly, the second clamp being applied crosswise to the first. 
lling of blood into the wound has not been considered a matter of any conse- 
nce. Accordingly, the vessels regularly have been divided distal to both clamps 

twice ligated. For this purpose a doubled strand of heavy catgut, rendered 
it and pliable by thorough soaking, has been used. Stiff and hard gut is 
umed to be dangerous. The proximal clamp is slowly released as the first 
ature is drawn down, the pedicle being still under control of the distal clamp. 
second ligation is made with release of the distal clamp. 

Recommendation of this method of exposure for nephrectomy is supported by 

e fact that in no case in which it has been employed has it been deemed prudent 

necessary to forego ligation in favor of leaving a clamp on the pedicle. 

Nephropexy.—For nephropexy, the technic employed contemplates a positioning 

' the kidney and ureter in relationship to each other and to surrounding structures 
that will give no interference to drainage through the ureter or traction on the 
vascular pedicle. It does not misconceive the temporary function of suture mate- 
rial and recognizes that in the tissues concerned, sutures are merely capable of 
maintaining for a few days, under little or no tension, certain relationships between 
structures which may become permanent only by the processes of tissue prolifera- 
tion and repair. It seeks to approximate intimately and maintain in this relation- 
ship the available tissues best suited to these processes with exclusion from their 
surfaces of contact and desired union tissues and substance which would interfere 
with the processes. To these ends the whole extent of posterior surface of intact 
renal capsule, a surface of readily proliferative endothelial cells, is placed in 
intimate contact with the bare muscles of the renal fossa. Although the approxi- 
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mation is maintained under virtually no tension, it is sought to insure it undis- 
turbed by a particular method of placing the sutures in the renal capsule that gives 
them a staunch anchorage of maximal extent. The method not only securely holds 
the kidney in its new position, but it adequately serves the equally important pur- 
pose of positively excluding insinuation of fat between the approximated surfaces. 

In figure 10, the method of fixation is illustrated. As already detailed, removal 
of all fat from the renal fossa and from the kidney itself has been accomplished 
as an incident in the process of exposure. The muscles of the renal fossa, including 
a considerable extent of diaphragm, present a clean bare surface. The whole mass 


| 











Figure 10. 


of perirenal fat is held forward toward the midline, carrying with it the overlying 
abdominal viscera, and is thus free to gravitate downward without traction on the 
kidney. The completely mobilized kidney is thoroughly exposed and accessible. 

The kidney bridge or elevator of the operating table is now lowered in order 
to restore the normal relations and configuration in the renal fossa. The kidney is 
placed well up in the fossa and the obtainable position which best insures against 
interference with drainage through the ureter or traction on the vascular pedicle is 
determined. This position of the kidney as a projection to the skin surface is care- 
fully noted or even may be marked on the skin. | 

The kidney is then brought out into the wound again and the sutures, as shown 
in figure 10, are placed in its capsule. The material regularly used has been no. 1 
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or 2 chromic catgut integrally affixed to a long straight atraumatic needle, there 
being no doubling of the strand as occurs at the eye of the ordinary needle. This 
is an important detail as tearing of the capsule is most likely to occur when the 
bent double gut is drawn through in the eye of the ordinary needle. At least four, 
but preferably five or six, such sutures are placed in the capsule. The ends are 
left long. Each suture extends under the capsule entirely across the posterior 
surface of kidney from lateral to medial margin. If the surface is flat the whole 
distance may be covered in one passage of the needle. 

Each end of these sutures is separately brought through the whole thickness of 
the wall of the renal fossa, emerging on the skin surface of the flank. For this 
purpose, a long half-curved cutting needle has been used. The ends of some of 
he upper sutures are passed above the twelfth rib and so have a transpleural 

urse across the angle between diaphragm and thoracic wall. The lung does not 
<tend down into the angle far enough to be caught. In no case have these trans- 
ural sutures produced ill effect. 


The predetermined position for the kidney having been carefully noted or 
rked as a projection on the skin of the flank, it is possible so to place the pas- 
e of the suture ends as to bring up the kidney exactly into this position. None 
the sutures is tied on the skin until all have been passed. Before tying them 
fossa is thoroughly dried. A large piece of gauze, well wet in hot saline 
lution, packed into the fossa and held in place for a few minutes will control 
persistent oozing. Traction on the suture ends which have been brought 
uugh the skin draws the kidney up into position, its whole posterior surface 
ning into intimate contact with the bare muscles of the renal fossa. As shown 
the insert, figure 10, each pair of suture ends is tied down on the skin surface 
r a protecting pad of gauze. The number of sutures, their extent in the 
sule, and their close spacing insures the largest possible area of approximation 
th positive exclusion of all fat, clot and serum. 
The pararenal fascia with its mass of attached and overlying viscera is allowed 
fall back into position in front of the kidney. It is neither necessary or desirable 
suture it in position. If there is much moisture, a small rubber tissue drain 
y be placed in the wound which is closed in the usual way. 


For four or five days after operation, it is felt desirable not to elevate the foot of 
‘bed. A horizontal position or even elevation of the head of the bed is probably 
referable during this period as the fixation is perfectly competent to hold the 
dney securely in position for a few days, at the same time permitting the unat- 
iched lipomatous mass with overlying viscera to gravitate downward. This may 
of some importance in avoiding the establishment of relations which would per- 

lit traction on the kidney due to subsequent ptosis of these structures. After the 
iith or sixth day, there is no confidence that the sutures are competent to hold the 
kidney in position. To avoid strain on the weak attachments which have formed, 
t is desirable now to elevate the foot of the bed. This position is maintained until 
he fourteenth day. A back rest is allowed on the twenty-first day, after which 
activity gradually may be resumed. 


SUMMARY 


1. The present disfavor in which nephropexy is held results, first, 
from past employment of the operation for relief of symptoms not 
caused by abnormal mobility of the kidney and, secondly, from employ- 
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ment of faulty methods for nephropexy incapable of actually accom- 
plishing fixation of the kidney. 


2. An improved method for nephropexy, which has regularly given 


excellent results in carefully studied cases subjected to rigorous diag- 
nostic criteria, is described. 

3. The first part of the dissection employed in the operation for 
fixation is submitted as an improved method for exposure of the kidney 
which may be employed in all renal surgical procedures. 
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STRUCTURAL CURVATURE OF THE SPINE 





TREATMENT BY MEANS OF THE TURNBUCKLE JACKET 
AND TURNBUCKLE SHELL 








A. H. BREWSTER 
Lateral curvature of the spine presents itself in two groups: (1) 
functional curves, and (2) structural curves. The first, I believe to be 
caused by bad posture because the curve is not present when the patient 
is recumbent. The second, often called organic or fixed, shows actual 
change in the normal shape and position of the bodies of the vertebrae, 
ind the curve or curves do not disappear in recumbency. It is the latter 
‘rroup which from the earliest time has been recognized as a deformity 
f the spine having a tendency to increase. All men who come in con- 
act with structural scoliosis soon learn to appreciate its importance. 
“xperience alone teaches that its end-results are deformities rivaling 
ny others seen in the realm of orthopedic surgery. Experience also 
‘aches its treachery and resistance to all methods of treatment. 

The steady progress of many cases of structural scoliosis to the 
tage of great distortion and unsightliness, in spite of all efforts of cor- 
ection, makes them an interesting group to study. Fully cognizant of 
ll the mechanical difficulties presenting themselves as a fortification 
gainst correction, the following method is described as one which 
‘ffers a means by which certain groups of persons can be isolated and 
enefited. Any means of therapy which can help in the slightest degree 
0 stay the progress of the deformity of structural lateral curvature 
eems justifiable although it may do so in only a small group. 

The turnbuckle jacket for correction of structural lateral curvature 
was first used in November, 1923. In searching the literature, the fol- 
lowing references were found: Hanausek* described a jacket cut 
‘ircularly in two sections controlled by two long wooden rods which he 
used temporarily for twisting laterally curved spines. Hibbs? 
refers to a turnbuckle jacket, but no further description can be found. 
The use of a turnbuckle in the forcible treatment of Pott’s disease is 
described in numerous articles, particularly by the German authors. 


TECHNIC OF TURNBUCKLE JACKET 


Construction.—A patient with a right dorsolumbar curve, with the apex of 
the curve at the twelfth dorsal vertebra, is suspended in a Sayre head sling until 
his toes are just touching the floor. He holds on to the bars above his head with 


his hands. This position hyperextends the spine and elevates the scapulae as 





1. Hanausek, J.: 
platrés, Rev.d’orthop., March, 1922, p. 127-137. 


2. Hibbs, R. A.: Scoliosis Treated by Fusion Operation, J. Bone & Joint 


Surg. 6:3 (Jan.) 1924. 


Contribution au traitement de la scolioae par les corsets 
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well as making them prominent laterally. Both of these points are important in 
the construction of the jacket. A plaster jacket is then applied from high up in 
the axillae down over the greater trochanters, taking particular care to mark 
out the anterior superior spines and inguinal regions. This is immediately 
removed by a front midline incision and a few more plasters wound around to 
hold it in shape. A wooden box is then obtained and a hole is made through its 
center. A steel rod is passed through this hole in the box; the rod in position 
is perpendicular to the floor. The jacket is so placed on the box that the steel 
rod passes directly through its center and is then filled with plaster mud and 
allowed to set. The jacket is removed and the torso is ready for hewing 
(figs. 1 A and B). 

The steel is placed in a vice and the torso is hewed. The prominence on the 
torso caused by the elevated scapulae is cut away and about 1 inch is also hewed 
from the top of the torso posteriorly. The torso is then considered squared 
(fig. 1 C). This hewing is necessary to prevent the finished jacket from being 
too large at the top. The next step is to mark out the inguinal regions and shave 
off the abdominal prominence. It is most important not to lower or change the 
contour of the iliac crest because such a change makes the final jacket very 
uncomfortable from pressure on these bones, particularly the anterior superior 
spines (fig. 1 D). 

With the squaring of the torso finished, as well as the abdominal prominence 
shaved away and the inguinal regions marked out, correction of the torso is 
begun. If the curve is a right dorsal, left lumbar curve as shown in figure 
1 B, the right prominence is shaved with a draw knife as much as it is evident the 
patient can stand. The left hip is then lowered and the part of the torso at 
the top, left posterior, is hewed away. This decreases the left concave side of the 
body making it approach a straight line. (Compare fig. 1 B, fig. 1 C and fig 1 F.) 
By the foregoing procedure, it is readily seen that pressure is exerted at points 
a, b and c, as shown in figure 1 F. This is the same principle on which most 
forcible jackets work—only in a less efficient manner—by representing the place 
the pads are forced in, a and ¢ the top and bottom of the jacket. A triangular 
area about 1 inch deep at the top and tapering off at the apex, is then cut out. 
This is done so the jacket will fit skin-tight between the scapulae, and also pre- 
vents the clothes being pushed out in the back—a point patients appreciate 
(fig. 1 F). 

After the torso is cut as described, a new plaster jacket is put on and 
immediately cut off by a front line incision (figs. 2 A and B). This jacket ought 
not to be more than three-eighths of an inch thick and should be the same thickness 
throughout. Seven plasters will, as a rule, give just about the right thickness. 

A pplication—After the jacket is dry, about 4 or 5 inches are cut off at the 
top in order that the patient may be comfortable with the arms hanging at the 
sides. It is necessary to remove enough at the top so that the circulation will not 
be impaired. At the bottom, the jacket is cut off about 1 inch below the anterior 
superior spines tapering downward posteriorly. This allows the patient to sit 
comfortably (fig. 2 C and D). 

The jacket is put on; the patient reclines on a table and an assistant holds 
the patient’s arms while the jacket is pulled well down. The temporary straps 
are tightened while the patient is on the table. If the jacket fits correctly, the 
patient is unable by putting his hands on his hips and pushing his body up to 
get out of the jacket (fig. 3 A, B, C and D). The jacket is worn for a day or so 
to be sure that it exerts pressure over the rotation being attacked. This is 
shown by a slight redness of the skin. The jacket must be comfortable. 
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Fig. 1—A, front view of uncut torso showing steel rod through center; 
B, back view of uncut torso showing prominence of right dorsolumbar curve; 
C, same torso as in B after it has been squared; D, front view of torso after 
abdominal prominence has been shaved away and inguinal regions marked out; 
E, front of finished torso; F, back of finished torso; a, b, and c represent the 
points of pressure described. 
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Fig. 2—A, front view of finished jacket; B, back view of finished jacket; 


C, front view of jacket after it has been cut at top and bottom; D, back view of 
jacket after it has been cut at top and bottom. 
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Fig. 3.—A, first fitting of jacket; ready to be worn for trial; B, back view of 
jacket; ready to be worn for trial; C and D, front and back views of jacket 
showing patient pushing up demonstrating inability to push out of jacket. 
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The general principle of the construction and application of the jacket up to 
this point was described by R. W. Lovett and J. W. Sever.® 


Method of Splitting and Applying a Turnbuckle Jacket—When a patient has 
a right dorsolumbar curve with the apex of the curve at the twelfth dorsal 
vertebra a string is tied around him at the level of this vertebra. The jacket 
made from the corrected torso, which gives pressure at the desired points and 
has proved to be comfortable, is applied. At a point in front at the level of the 
string, the jacket is marked. This point is higher than the level of the twelfth 
dorsal vertebra because in putting on the jacket in the recumbent position the 
skin is pulled up more than the spine is extended. A line is then drawn around 
the jacket about one-half inch below the front mark. A cross is put in the 
left midaxillary line at the level of the circular mark to indicate where the hinge 
is to be placed. On the right side in the midaxillary line, at the top and bottom, 
crosses are made indicating the position of the boxings for the removable turn- 
buckle. Lines are drawn around the jacket indicating where it is to be steeled. 
In front, marks are made indicating where the boxes for the top and bottom 
stays are to be placed. The jacket is then sent to the appliance shop, and the 
hinge, boxings and steels are put on before the circular incision separating the 
jacket into two parts is made. This is necessary in order to keep the exact rela- 
tions of the two parts. The position of the front and back locking device has 
to be determined by the mechanic and adjusted so it will work easily when the 
jacket is turned up or down. The buckles and straps for fastening are routine 
and always occupy the same position. Figure 4 and 5 show the finished jacket 
from the front, from the back, in every position, with or without the turnbuckle. 


Construction of Turnbuckle Shell for Recumbency—A patient with a left 
dorsolumbar curve centering at the twelfth dorsal vertebra, is placed on an 
ordinary Bradford frame, face down and in a straight position. Straps are run 
lengthwise of the frame to hold the patient. <A plaster shell is applied including 
the head and all the body down to the middle of the lower legs. Care is taken 
to mold the shell to fit the body and to shape it well up over the chest and hips 
anteriorly. 

While the patient is still in the shell, the place for the hinge is marked. The 
exact position for the hinge is obtained by tying a string around the body at the 
desired level, and a mark is made to indicate the position. This is done before 
the patient is placed on the frame. The shell is removed and cut evenly around 
the edges and trimmed off at the bottom just at the bend of the knees. The 
mechanic then applies the hinge where indicated by the mark and mounts 
the shell on a plank by means of steel supports. A second hinge is placed on the 
plank so that its center of action is the same as that of the one on the shell, but 
at a lower level, like the hinge of a door. The shell and board are then cut at 
the same level. The locking device is placed on the opposite side of the board 
from its hinge and is simply a slotted steel rod working on a small steel upright 
which is threaded to take a thumb screw. The shell is well padded and covered 
with stockinet. The construction of the shell, excepting the hinges and split board, 
was described by R. Plato Schwartz‘ for treatment of tuberculosis of the spine. 


3. Lovett, R. W., and Sever, J. W.: The Treatment of Lateral Curvature of 
the Spine, J. A. M. A. 57:786 (Sept. 2) 1911. 
4. Schwartz, R. Plato: Mechanics of a New Plaster Shell in Pott’s Disease 


in Children, with Lateral X-ray Control, J. Bone & Joint Surg. 4:789 (Oct.) 1922 
(fig. 6 A and B). 
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Mechanical Principles of Turnbuckle and Shell—The mechanical principles 
of the turnbuckle jacket and shell are exactly the same. The simplicity of their 
mechanics is their virtue. 

A laterally curved spine represents one or more arcs. The problem is to 
straighten the spine, and to do so one must employ a method which entails no 
harm to the patient and correctly obeys mechanical laws. To break an arc, three 
forces are necessary: (1) a resisting force on the convex side of the keystone 
it its center; (2-3) an active force at each end exerting pressure on the con- 
cave side. Such forces if strong enough will snap the arc. To straighten an arc 
three forces are also needed but differently employed: (1) a resisting force 
evenly distributed over all the convex side of the keystone; (2-3) an evenly 
listributed force working on the entire concave side of each limb of the arc. 
[he turnbuckle jacket and shell furnish the forces used to straighten an arc. 
Another mechanical principle of the turnbuckle jacket and shell is that they are 
‘centric. The hinge on either does not correspond to the center of motion in 
1e spine and when they are opened they are elongated, which produces a dis- 
raction of the spine above and below the part opposite the hinge. 





CHOICE 





OF PATIENTS FOR TREATMENT WITH 


JACKET AND SHELL 


TURNBUCKLE 





The turnbuckle jacket is of little avail in old ankylosed cases with 
iarked rotation. It is not efficient in a curve the apex of which is 
bove the eighth dorsal vertebra. The turnbuckle shell is effective in 
ises of infants with congenital scoliosis who are too small to walk, and 
or curves the apexes of which are higher than the eighth dorsal 
ertebra. 

The fact must not be lost sight of that the gymnasium with trained 
hysiotherapists is a valuable asset in any method of forcible correction 
f lateral structural curvature of the spine. The back and abdominal 
1uscles must be kept in good tone by regular visits to the gymnasium 
or exercises and massage. 

At first the patient wears the jacket for a week in the turned down 
sition (fig. 4 A and B). Then it is turned up just as far as it is 
omfortably borne; it is locked in this position and worn night and 
lay. The patient should never bear weight without the jacket on. Some 
patients can have the jacket turned up almost to the maximum on the 
first day, but this is probably a little dangerous. Once a week it should 
be turned up one or two notches until the desired correlation is obtained. 

If the turnbuckle is correctly made, the patients do not object to the 
pressure it exerts, and in all the patients treated a pressure sore has 
never been experienced. 

Experience in the use of this method of treatment of structural 
scoliosis permits the following conclusions : 

1. It effects mobilization of the spine by stretching all the tissues 
on the concave side and allows the stretched tissues on the convex side 
to regain some of their lost tone. 
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Fig. 4.—A and B, front and back views of turnbuckle jacket on patient, closed, 
turnbuckle removed; C and D, front and back views of turnbuckle jacket on 
patient, closed, turnbuckle in position. 
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Fig. 5.—A and B, front and back views of turnbuckle jacket on patient, opened, 
turnbuckle in position; C and D, front and back views of turnbuckle jacket on 
patient, opened, turnbuckle removed. This is as jacket is worn. 
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2. The force applied spreads the ends of the arc and does not dis- 

regard the mechanical law that the keystone is the strongest part of 

the arc. 

3. It permits gradual correction. 


4. It will produce an immediate correction of certain moderate 
curves. 

5. It tends to decrease rotation, as seen clinically and in the roent- 
genograms. 

6. It secures the means of obtaining an adjustable overcorrective 
retention jacket. 

















Fig. 6—A, complete turnbuckle shell, padded and covered ready for use; 
B, complete turnbuckle shell, open, showing position of hinge, plank, and the 
locking device, marked m. 


7. It increases the height. 
8. It is not uncomfortable and is not noticeable when the patient is 
dressed. 
Certain other conclusions will be drawn after the study of the cases 
is finished. 
RESULTS OF TREATMENT 


This article is based on a study of 100 cases of structural lateral 
curvature of the spine. An effort is made to show just how efficient 
the turnbuckle jacket and turnbuckle shell are, and the types of struc- 
tural lateral curves benefited as well as those not benefited. 
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It is impossible to present in such a publication all the photographs 
and roentgenograms in the 100 cases. Therefore photographs and 
roentgenograms made in cases 38, 39 and 43 are used to demonstrate 
the method and the results obtained. 

Figures 7 and 8 are from case 42; figures 9 and 10, from case 39, 
and figures 11 and 12, from case 38. These photographs are taken in the 
Osgood frame by the same man, who always used the same camera in 
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Fig. 7 (case 43).—Patient, aged 9 years; turnbuckle first applied, on June 
24, 1924; degree of correction obtained, fair. A, B and C were taken on April 24, 
1924; D. E and F were taken in’ December, 1925. 


the same room. The roentgenograms in case 70, figure 13, are presented 
to show the results obtained in a dorsolumbar curve, which, of course, 
is the ideal curve in which to obtain the best correction. 

The table is continuous, but for the sake of comparison, all right 
curves were collected in their respective groups and numbered in 
sequence; the left curves follow in the same manner. 
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There are sixty-six patients with right curves of various kinds, seven 
of whom were not treated with the turnbuckle jacket; this leaves fifty- 
nine who were treated by either the jacket or shell, or both. Twenty- 
three, or 38.98 per cent, of the fifty-nine patients had single curves; 
thirty-four, or 57.62 per cent, had double curves, and two, 3.4 per cent, 
had triple curves. It is interesting to compare these three groups of 
patients. In all of those with the single curves, some correction was 
obtained; in eleven, or 47.82 per cent, the results were excellent; in 





‘es 





Fig. 8 (case 43).—Taken on Oct. 18, 1924. 


five, or 21.73 per cent, they were good; in five others, fair, and in two, 
or 8.69 per cent, poor. In the patients with double curves, the results 
were excellent in four, or 11.7 per cent; in fourteen, or 41.17 per cent, 
they were good; in ten, or 29.41 per cent, fair; in four, or 11.7 per 
cent, poor, and in two, or 5.88 per cent, no correction was obtained. In 
the two patients with triple curves, no correction resulted. 

There are thirty-four patients with left curves of all types, eleven 
of whom were not treated by the turnbuckle jacket or shell ; the remain- 
ing twenty-three were treated by either the shell or the jacket, or both. 
Eight of these, or 34.78 per cent, had single curves; eight had double 
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curves, and seven, or 30.43 per cent, had triple curves. In the patients 
with single curves who were treated, some correction was obtained in 
all except one; in three, or 37.5 per cent, the results were excellent ; 
in two or 25 per cent, good; in one or 12.5 per cent, fair, and in another 
patient, poor, while one showed no correction. In the patients with 
double curves, the results in three, or 37.5 per cent, were excellent ; in 
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Fig. 9 (case 39).—Patient, aged 7 years; first visit in March, 1924; applica- 

on of first turnbuckle jacket on Aug. 23, 1924 for right curve; jacket worn con- 

tinuously for over one year. A and B were taken on May 23, 1924; C and D were 
taken in October, 1924. 


two, or 25 per cent, fair; in three, or 37.5 per cent, no correction was 
obtained. In the patients with triple curves, the results in one, or 14.28 
per cent, were fair; in another, poor, and in the remaining five, or 
71.42 per cent, no correction was obtained. Good or excellent results 
were not obtained in any of the cases. 


Data on One Hundred Cases of * 
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Data on One Hundred Cases of Structural Lateral Curvature 
of the Spine *—Continued 












Etiology LOD- LCD- 
Case —— LD- LD- LDL- LCD- RD- RDL- 
No. Sex Age I U R C LL LDL RL RDL RL LOD RDL LDL LI  Oorrection 
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* Key to table: RL, right lumbar; RDL, right dorsolumbar; RD-LL, right dorsal, left 
nbar; RDL-LL, right dorsolumbar, left lumbar; RD-LDL, right dorsal, left dorsolumbar; 
OD-LDL, right cervicodorsal, left dorsolumbar; RCD-LD-RDL, right cervicodorsal, left dorsal, if 
rht dorsolumbar; ROD-LDL-RL, right cervicodorsal, left dorsolumbar, right lumbar. The i 
tering for the left curves follows the same principle and need not be outlined. i 
Etiology: I, infantile paralysis; U, unknown; R, rickets, and ©, congenital. 


All degrees of correction are determined by the last roentgenogram taken in the turnbuckle 
cket. They are classified as follows: excellent, perfect or practically straight spine; good, 
finite correction; fair, correction easily seen in comparing roentgenograms taken in and 
t of jacket; poor, slight demonstrable correction; N C, no correction, and N T, turnbuckle 
t used. 











Considering the entire series, eighty-two patients were treated by the 
urnbuckle jacket or shell, or both. Of this number thirty-one, or 37.86 
er cent, had single curves; forty-two, or 51.2 per cent, had double 
urves, and nine, or 10.95 per cent, had triple curves. In the patients 
with single curves, excellent results were obtained in fourteen, or 17.07 
per cent; good results in seven, or 8.55 per cent; fair in six, or 7.32 per 
cent; poor in three, or 3.73 per cent, and no correction in one, or 1.21 
per cent. In the patients with double curves, excellent results were 

obtained in seven, or 8.55 per cent; good results in sixteen, or 19.5 per 
cent; fair in ten, or 12.19 per cent; poor in four, or 4.87 per cent, and 
no correction in five, or 6.09 per cent. In those with triple curves, no 
excellent or good results were obtained. In one, or 1.21 per cent, poor 
results were obtained; in one, fair, and no correction was shown in 

seven, or 8.53 per cent. it 






































Fig. 10 (case 39)—A was taken on Feb. 17, 1923; B, on Oct. 18, 1924; C, on Feb. 14, 
1925, and D, on Oct. 24, 1925. 
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Fig. 11 (case 38).—Patient, aged 14 years; first turnbuckle jacket applied on 
\ug. 9, 1924; jacket worn faithfully. A, B and C were taken on May 3, 1924; 
D, E and F were taken in November, 1925. 
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Condensing the foregoing figures it is found that twenty-one patients, 
or 25.62 per cent, showed excellent results ; the results in twenty-three, 
or 28.05 per cent, were good; in seventeen, or 20.72 per cent, fair; in 
eight, or 9.81 per cent, poor, and in thirteen, or 15.83 per cent, there 
was no correction. 


These figures and percentages make the following conclusions 
justifiable : 


1. No type of curve which is of long duration, with marked rotation 
and in which ankylosis has occurred, can be affected in the least by the 
method of treatment described. 








Fig. 12 (case 38).—Taken on Oct. 18, 1924. 


2. Single curves, either right or left, the apexes of which are below 


the eighth dorsal vertebra, are the ones most favorable to correction by 
this method. 


3. Double curves, either right or left, with the apex of the upper 
curve not higher than the eighth dorsal vertebra, can be helped, but are 
not nearly so amenable to treatment as single curves. 


4. Triple curves do not lend themselves to treatment at all. 


5. The foregoing conclusions follow the law of common sense that 
a single curve in a rod is easier straightened than a series of curves, the 
difficulty increasing with the number of curves. 




















Fig. 13 (case 70).—Patient, aged 18 years; first visit, on Jan. 14, 1924. A, taken on 
Jan. 15, 1924; B, on Feb. 16, 1925; C, on Sept. 8, 1925. Turnbuckle jacket first applied on 
Jan. 30, 1924. 





INCREASED INTRACRANIAL PRESSURE ASSOCIATED 
WITH SYPHILIS 


CHARLES EDWARD LOCKE, Jr. 


For many years it has been a recognized fact that headache and 
choking of the optic disks may occur in conjunction with a syphilitic 
infection. In 1893, Uhthoff* stated that choked disk was a common 
occurrence in cerebral syphilis and that, except for cerebral tumor, 
cerebral syphilis was the most frequent cause of this condition. Two 
years later, a similar conclusion was reached by Rochon-Duvigneaud.? 
Among 2,636 patients in the early stages of syphilis examined by Fehr * 
between 1910 and 1912, he found papilledema in about 0.5 per cent. 
Soon after the advent of arsphenamine several authors reported cases 
in which this drug was held to be responsible for the development of 
papilledema. Fehr, however, showed by his statistics that such changes 
of the optic nerve occur far more frequently in untreated patients than 
in those treated by arsphenamine. A few years later (1916), Wilder * 
concluded that in many cases of cerebral syphilis a choked disk is seen 
which cannot be distinguished clinically from that seen in cases of intra- 
cranial neoplasm. De Schweinitz® (1924) concurred with Uhthoff’s 
statement concerning the frequent occurrence of choked disk in syphilis, 
and Fuchs * (1925) also recognized its existence, stating that it is most 
apt to occur within the first three years after the primary infection. 
Bordley * (1925), who with Dr. Cushing several years ago contributed 
largely to the establishment of the mechanical theory of choked disk, 
made the statement that “syphilis is probably the most frequent of all 
‘medical causes’ in the production of choked disc.” 

Among the patients examined in the neurosurgical division of the 
Cleveland Clinic during the past four years, there were 390 cases in 


1. Uhthoff, W.: Untersuchungen itiber die bei Syphilis des Centralnerven- 
systems vorkommenden Augenstérungen, Arch. f. Ophth. 39:1, 1893. 

2. Rochon-Duvigneaud, M.: Contribution 4 l’étude de la névrite oedémateuse 
d’origine intracranienne, Arch. d’Opht. 15:401, 1895. 

3. Fehr, O.: Ueber die syphilitischen Rezidive am Auge nach Salvarsan- 
behandlungen, Med.Klin. 8:942, 1912; Ueber die Wirkung des Salvarsans auf 
das Auge, Centralbl. f. prakt. Augenh. 36:164, 1912. 

4. Wilder, W. H.: Optic Neuritis from Syphilitic Leptomeningitis, Ann. 
Ophth. 25:489, 1916. 

5. De Schweinitz, G. E.: Diseases of the Eye, ed. 10, Philadelphia, W. B. 
Saunders Company, 1924, pp. 540-551. 


6. Fuchs, E.: Manifestationen der Syphilis am Auge, Wien. med. Wchnschr. 
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which either a positive or a presumptive diagnosis of tumor of the 
brain was made. In this series there were eleven cases in which the 
Boraet-Wassermann reaction was positive, and six of jthe eieven 
patients had signs and symptoms of increased intracranial pressure. 
It was thought at first that these were cases of tumor of the brain, but 
further study and the clinical course indicated that undoubtedly the 
increased intracranial pressure in these cases was associated with cere- 
bral syphilis. The information gained from the study of these six 
cases has furnished the material for the present report. 


REPORT OF CASES 


Case 1.—History of primary syphilitic infection; signs of intracranial pressure 
veloping one year after the infection in spite of antisyphilitic treatment; 
‘compression with continued antisyphilitic treatment; relief of intracranial 
essure,; recovery. 

History—A single man, aged 22, a college student, was referred to the 
eveland Clinic on May 18, 1925, complaining of severe headache, vomiting and 
uble vision. 

In August, 1924, the patient had a genital chancre followed by a secondary 
in lesion. The Bordet-Wassermann reaction of the blood was positive, and 

patient received nine injections of neoarsphenamine followed by the adrinis- 
ation of mercury and iodides. About January, 1925, or five months after the 
imary lesion, he commenced to have severe frontal headaches. In February, 
25, severe suboccipital headaches developed, associated with vortniting; double 
sion was noted, and the patient became delirious, but there was no elevation in 
mperature. Numbness was experienced on both sides of the lips and in both 
inds. A lumbar puncture was made at this time, the spinal fluid showing a 
gative Bordet-Wassermann reaction. The patient was then confined to bed 
r ten days following which there was relief of headache and of other symptoms. 
in March 27, 1925, he again became delirious, had severe suboccipital headache, 
ymiting and diplopia. He remained in bed until May 9. 





Physical Examination.—Physical examination revealed a well developed and 
vell nourished young man. The temperature was 98.6 F.; the pulse rate, 75, 
nd the blood pressure, 110 systolic and 70 diastolic. The patient was found to be 
ormal except for a scar on the penis. There was no adenopathy. 


Neurologic Examination—The head was normal in size and shape, with no 
ireas of tenderness and no exostoses; the percussion note was normal. Examina- 
ion of the cranial nerves revealed: first nerve, subjectively and objectively normal ; 
second nerve, no visual field changes, marked choking of the disks with edema 
and hemorrhages, some new tissue formation, elevation of 4 diopters in the right 
eye and 3 diopters in the left eye, vision in the right eye 6/12, and in the left 6/15; 
third, fourth and sixth nerves, horizontal diplopia, slight weakness of the external 
rectus of the right eye, fine lateral nystagmus to the left; fifth nerve, normal; 
seventh nerve, marked asymmetry of the lower part of the face with weakness 
of the right side (fig. 1, 4) and symmetry of the upper part of the face; eighth 
nerve, tinnitus of the right ear, hearing normal; ninth, tenth, eleventh and twelfth 
nerves normal. Examination of the motor nerves revealed: no paresis, no atrophy 
or hypertrophy and no abnormal tonicity. Sensory examination showed: pain, 
touch, temperature and vibratory sensations normal. Examination of the reflexes 
revealed: biceps, triceps and radials slightly hyperactive on the left; both patellars, 
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hypo-active; other deep and superficial reflexes, normal. There were no pathologic 
reflexes. Vasomotor action was normal. Cerebral examination revealed: frontal 
and temporal lobes normal; precentral lobe, weakness of the right lower part of the 
face; postcentral and occipital lobes, normal. Cerebellar examination showed: 
slight hypermetria to “finger to nose” and “heel to knee” tests on the left side. 
There was lateral nystagmus, and slight static ataxia of the left arm. 
Laboratory Examinations—The urine was normal, also the blood counts. 
The Bordet-Wassermann reaction of the blood was 4-4-4; the Kahn test, +++. 
A roentgenogram of the skull was normal. The visual fields were normal. 





A 


Fig. 1. (Case 1).—A, the patient a few days after right subtemporal decom- 
pression, showing weakness of lower portion of right face; B, three months after 
operation. 


Lumbar puncture was omitted because of the marked signs of intracranial 
pressure. Ventricle fluid taken at the time of operation showed clear fluid, 
24 cells, and a marked trace of globulin; the Bordet-Wassermann reaction was 
4-4-4 and the colloidal gold reaction, 5555544311. 


Diagnosis—A diagnosis )was made of cerebral syphilis with associated 
increased intracranial pressure. 


In view of the fact that after nine injections of neoarsphenamine the patient 
still had high choking of the disks with beginning new tissue formation, a decom- 
pression seemed necessary to prevent further loss of vision. 
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Operation—On May 22, 1925, with the patient under local anesthesia, a sub- 
temporal decompression revealed increased intracranial pressure and a moderate 
dilatation of the right lateral ventricle. 

Postoperative Course.—Following operation, the choking of the disks rapidly 
receded and there was bulging of the decompressed area. Strenuous antisyphilitic 
treatment was continued. The headache, vomiting, facial weakness, nystagmus, 
hypermetria and delirium were relieved. Vision in both eyes was 6/6 (fig. 1, B). 
One year later, the Bordet-Wassermann reaction of the blood was 0-4-0. 


Comment.—High choked disks, headaches and vomiting developed 
in spite of antisyphilitic treatment. Following subtemporal decom- 
pression, with continued antisyphilitic treatment, the choking of the disks 
disappeared rapidly and the patient was completely relieved of his 
neurologic symptoms. 


Case 2.—History of genital chancre; ten months later, in spite of extensiv 
ai tisyphilitic treatment, symptoms of intracranial pressure; decompression and 
itinued antisyphilitic therapy gave relief; recovery. 
History—A married man, aged 46, was referred to the Cleveland Clinic on 
(ict. 18, 1926, complaining of severe headache, blurred and double vision, and 
airment of memory. 
in January, 1926, the patient had a chancre and the diagnosis of syphilis was 
le. The Bordet-Wassermann reaction of the blood was positive, and the 
ent received extensive intravenous antisyphilitic therapy. In August, 1926, 
commenced to have severe bitemporal and occipital headaches, also transient 
cks of numbness of the left side of the face and tongue. The headaches 
inued, becoming more severe. About Sept. 15, 1926, he began to experience 
urbance in memory and he slept excessively. He had difficulty in understand- 
what was said to him and there was some unsteadiness of gait. Since about 
tober 1, he had noted horizontal diplopia. 


Physical Examination—Physical examination revealed an unusually well 
eloped and well nourished adult. The temperature was 97.6 F.; the pulse rate, 
and the blood pressure, 120 systolic and 80 diastolic. The observations made on 
sical examination showed the patient to be essentially normal. 


\ 


Veurologic Examination Examination of the cranial nerves revealed: first 
rve, slight impairment on the left side; second nerve, vision in the right eye 
30, in the left eye 6/60, moderate general contraction of form and color in the 
visual fields, fundi showed marked choking with well marked edema and numerous 

morrhages, elevation of 3 diopters; third, fourth and sixth nerves, normal except 
for horizontal diplopia with no demonstrable extra-ocular palsies; fifth nerve sub- 
jective history of transient paresthesia of the left side of the face and tongue but 
objective examination negative; seventh nerve, weakness of the lower part of the 
face on the right side with the upper facial muscles intact; eighth nerve, moderate 
impairment of hearing (tuning fork heard only on close proximation) ; ninth, tenth, 
eleventh and twelfth nerves, normal. Examination of the motor nerves revealed: 
slightly ataxic gait, no paresis or paralysis, no atrophy or abnormal tonicity. 
Sensory examination showed: touch, pain, temperature and vibratory sensations, 
normal throughout. The reflexes were normal except for hyperactive biceps on the 
left and absent patellar on the right. The superficial reflexes were normal and there 
were no pathologic reflexes. Cerebral examination revealed: frontal lobe, marked 
impairment in memory, moderate tremor of the right hand, and slight anosmia 
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on the left; temporal lobe, partial anomia and impairment in perception of speech 
(could not name safety-pin or eyedropper, but explained their use); precentral, 
postparietal and occipital lobes, normal. Cerebellar examination showed: moderate 
dizziness and slightly positive Romberg sign, slight hypermetria to “finger to nose” 
and “heel to knee” test, on the right and left sides; moderate staggering gait to 
the right and left. 

Laboratory Examination—The urine was normal except for a few pus cells; 
the blood counts were normal. The Bordet-Wassermann reaction of the blood 
was 4-4-4; the Kahn test, +++. Roentgenograms of the skull were normal. 
The visual fields showed slight general constriction for form and color. Spinal 
puncture was not made because of signs of increased intracranial pressure. 


Fig. 2 (case 2).—Five weeks after right subtemporal decompression. Note the 
moderate bulging of the decompressed area, which two weeks earlier had been 
much more marked. 


Diagnosis —A diagnosis was made of cerebral syphilis with associated increased 
intracranial pressure. 

Secause the patient was suffering from intense headache and because vision 
was steadily diminishing, it was decided to perform a decompression operation. 

Operation—On Oct. 23, 1926, with the patient under ether anesthesia, a right 
subtemporal decompression revealed markedly increased 


intracranial pressure 
with an abundance of subarachnoid fluid. 


Postoperatwe Course—Signs of intracranial pressure rapidly subsided and 


choking of the disks disappeared. Vision returned in the course of a few weeks 
to 6/6 in both eyes. The anomia and impairment of perception were relieved. 
The memory returned to normal. The decompressed area bulged markedly for 
several weeks after operation and then became level with the temporal bone. 
Extensive antisyphilitic treatment was continued (fig. 2). 
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Comment.—There was a definite history of chancre. Ten months 
later, severe signs of intracranial pressure with impairment of vision 
developed in spite of antisyphilitic treatment. Decompression relieved 
signs of intracranial pressure. 


Case 3.—History of genital chancre; two years later, signs of increased intra- 
cranial pressure notwithstanding antisyphilitic treatment; decompression and con- 
inued treatment; recovery. 

History—A single man, aged 22, a pottery worker, was referred to the 
Cleveland Clinic on March 29, 1927, complaining of severe headache, vomiting, 

uble vision and staggering gait. 

In March, 1925, the patient had a chancre of the penis lasting two weeks. 
lis local physician found a positive Bordet-Wassermann reaction and adminis- 
red sixteen injections of neoarsphenamine. No further symptoms appeared 
til about February, 1927, when he commenced to have severe left parietal and 
iboccipital headaches. One week later, the headaches were associated with 
renuous vomiting. About March 1, the patient commenced to have vertigo and 

noticed considerable staggering in walking. Two weeks later, double vision 
is noted and during the next week, prior to admission, there had been transient 
iblyopia. Also during the last week mild delirium had been associated with the 
vere headaches. On three occasions he had noted weakness of the right arm 

ting for about an hour at a time. 

Physical Examination.—Physical examination revealed a fairly well developed 
d well nourished boy, apparently sick. The temperature was 98.6 F.; the pulse 
te, 76 and the blood pressure, 85 systolic and 54 diastolic. The observations made 

physical examination showed the patient to be essentially normal. 

Neurologic Examination—The head was normal in size and shape; the per- 
ssion note was normal; there was tenderness to deep pressure in the suboccipital 
gion. Examination of the cranial nerves revealed: first nerve, normal; second 
rve, vision 6/6 in both eyes, visual fields normal, marked bilateral choking of 
e disks, with edema and hemorrhages, elevation of 4 diopters in both eyes; 
ird, fourth and sixth nerves, history of turning-in of the left eye and diplopia; 
ipillary reaction normal, no ptosis or exophthalmos, irregular lateral nystagmus, 
ore marked to the left; fifth and seventh nerves, normal; eighth nerve, hearing 

rmal, history of vertigo and irregular lateral nystagmus; ninth, tenth, eleventh 

id twelfth nerves, normal. Examination of the motor nerves revealed: unsteady 
ait, no paralysis or paresis, no atrophy or abnormal tonicity. Sensory examina- 
on showed normal pain, touch, temperature and vibratory sensations. The deep 
reflexes were all hyperactive; the superficial reflexes normal, and no pathologic 
‘flexes were noted. Vasomotor action was normal. Cerebral examination 
revealed: frontal lobe, no impairment of memory, no loss of orientation, no 
hange in habits, transient delirium for the past week, and no motor aphasia; 
temporal lobe, incomplete anomia (could not name objects such as blanket, hinge 
and electric wire, but named more simple objects such as glass, cup, hand), no 
characteristic hemianopsia, no hallucinations of smell; precentral lobe, normal; 
postcentral lobe, transient paresis of the right arm; postparietal and occipital lobes, 
normal. Cerebellar examination revealed: suboccipital tenderness, headaches, 
(dizziness and associated vomiting, unsteadiness in walking, deviation of gait to 
right and left, hypermetria to “heel to knee” test on the left side, adiadochocinesia 
on the right and left side. 

Laboratory Examination.—The urine was normal except for an occasional 
pus cell and trace of mucus. The blood counts were normal. The Bordet- 
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Wassermann reaction of the blood was 4-4-4; the Kahn test, +++. Spinal 
puncture was not done on account of choking of disks. The visual fields were 
normal as to form and color. A roentgenogram of the skull was normal. 

Diagnosis —A‘ diagnosis was made of cerebral syphilis with increased intra- 
cranial pressure. 

In view of the fact that the patient had had sixteen injections of arsphenamine 
and that the high choking of the disks continued, it seemed wise to make a sub- 
temporal decompression to prevent visual impairment. 


Operation—On April 2, 1927, with the patient under local anesthesia, a right 
subtemporal decompression exhibited a markedly increased intracranial pressure 


with flattening of the cerebral convolutions. There was an abundance of subdural 


fluid. 


————————————————— 


Fig. 3 (case 3).—Six months after right subtemporal decompression. The 
operative scar was invisible at this time and the decompression was no longer 
prominent. 


Postoperative Course-—The patient made an uneventful recovery. The head- 
aches and choking of the disks rapidly subsided, and the diplopia, nystagmus, 
ataxia and speech changes all disappeared. Strenuous antisyphilitic treatment was 
continued, and on Sept. 20, 1927, the Bordet-Wassermann reaction of the blood 
was negative. Treatment was still continued (fig. 3). 


Case 4—A young woman, with congenital syphilis, had received extensive 
antisyphilitic treatment throughout life; following the birth of a child signs of 
intracranial pressure and convulsions developed; decompression and further anti- 
syphilitic treatment; recovery. 

History—A married woman, aged 22, a housewife, was referred to me on 
May 26, 1927, with the complaint of headache, vomiting and convulsions. 
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The patient’s father had a chancre several months before the patient’s birth. 
When the patient was 4 months of age, she had snuffles and a rash. At the age 
of 11 months a diagnosis of congenital syphilis was made and treatment was com- 
menced, which had been continued part of each year up to the time of examina- 
tion. Several Bordet-Wassermann tests had given positive reactions. Six months 
before the examination, the patient gave birth to a child. Before birth, there 
was one mild convulsion. About three months later the patient commenced to 
have very severe generalized headaches, associated with vomiting, dizziness and 
staggering. About seven weeks before the examination she had another severe 
convulsion, and following this, there was weakness of the right arm. Shortly 
ifterward, she had two more convulsions, and following the first of these, there 
was transient paralysis of the left arm, while following the second there was 
mpairment of speech. There had been transient ocular palsies. For three weeks 
the right ear had been discharging and the patient had had a septic fever, the 
maximum temperature during this time being 104 F. 


Physical Examination.—Physical examination revealed a well developed and 
ell nourished young woman, lying in bed, apparently in severe pain. The 
mperature was 98.9 F.; the pulse rate, 90, and the blood pressure, 110 systolic 
id 80 diastolic. Except for tenderness over the right mastoid, a discharge from 
e right ear, and enlargement of the axillary and inguinal lymph nodes, the 
tient was found to be normal. 


Neurologic Examination—The head was normal in size and shape and the 
rcussion note was normal. Examination of the cranial nerves revealed: first 
erve, normal; second nerve, transient blurring of vision, visual acuity 6/7.5 in 
ith eyes, no constriction or hemianopsia in the visual fields, choked disk with 
lema and hemorrhage in both eyes, elevation of 3 diopters; third, fourth, fifth, 
xth and seventh nerves, normal; eight nerve diminished acuity in the right 
r, bone conduction lateralized to the right (discharging ear, right); ninth, 
nth, eleventh and twelfth nerves, normal. Examination of the motor nerves 
vealed: gait normal, no paresis or paralysis, no atrophy, no abnormal tonicity. 
ensory examination revealed normal pain, touch, temperature and vibratory sensa- 
ons. The deep reflexes were hyperactive on the right side; the superficial reflexes 
vere negative; atypical Babinski sign was noted on the right. Vasomotor action 
vas normal. Cerebral examination revealed: frontal lobe, moderate impair- 
nent of memory for one month with transient loss of orientation; two months 
efore, incontinence of urine for several weeks and marked difficulty in 
speech following last convulsion; temporal lobe, sensory aphasia with impair- 
nent of perception of speech after last convulsion, no characteristic field changes, 
no uncinate syndrome, no visual hallucinations; precentral lobe, generalized con- 
vulsions following one headache, weakness of the right arm; postcentral, 
postparietal and occipital lobes, normal. Cerebellar examination revealed: suboc- 
cipital headache, dizziness and associated vomiting, slight Romberg sign, slight 
deviation of gait, hypermetria to “finger to nose” and “heel to knee” tests, 
bilateral adiadochocinesia, anomia, and irregular nystagmus. 

Laboratory Examination.—The urine showed a trace of albumin and occasional 
pus cells, otherwise it was normal. The blood count revealed: red cells, 
4,440,000; white cells, 8,400; hemoglobin, 75 per cent. The Bordet-Wassermann 
reaction of the blood was negative (recent series of arsphenamine injections). A 
roentgenogram of skull showed a diseased mastoid on the right side; otherwise 


the skull was normal. There was no constriction or hemianopsia in the visual 
fields. 
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Diagnoses—Diagnoses were made of cerebral syphilis with increased intra- 
cranial pressure, mastoiditis and abscess of the brain (?). 

Operation—On May 28, 1927, right mastoidectomy was performed by 
Dr. McCall. Pus and necrotic material were found in the mastoid cells. Necrotic 
material from the mastoid showed Streptococcus hemolyticus. 


Postoperative Course-—The septic temperature continued and five days later a 
blood culture showed Streptococcus hemolyticus. The headaches became more 
intense and the choking of the disks gradually increased to 5 diopters, in spite 
of antisyphilitic therapy. For this reason it seemed necessary to perform a sub- 
temporal decompression. 

Operation—On June 13, 1927, burr-hole openings were made in_ the 
temporal, parietal and occipital regions, and cerebral punctures revealed no 
evidence of pus. With the patient under ether anesthesia, a right subtemporal 
decompression was then made and the brain was found to be under markedly 
increased pressure. The ventricle was not dilated. 

Postoperative Course—The headaches immediately disappeared and the 
choking of the disks rapidly subsided. One month later, the vision was 6/6 in the 
right eye and in the left 6/10. Convulsions ceased, ataxia and the septic 
temperature disappeared. Intensive antisyphilitic treatment was continued. 

Case 5.—History of primary syphilitic infection; nine years later there 
developed symptoms and signs of a high degree of intracranial pressure which 
were not influenced by antisyphilitic treatment; subtemporal decompression com- 
bined with antisyphilitic treatment relieved the intracranial pressure. 

History —A married man, aged 32, was referred to me on Dec. 19, 1927, 
with the complaint of severe headaches, attacks of jerking of the left arm and 
blurring of vision. 

Nine years before (1918), he had had a primary syphilitic infection, and a 
positive Bordet-Wassermann reaction of the blood had been found. He received 
intensive treatment for the next year, and then had no treatment until a few 
months prior to examination. During the past six months the patient had had 
eleven intravenous injections. For the past year and a half he had complained 
of frequent momentary attacks in which he experienced a silver flash of light 
in front of both eyes, transient vertigo and nausea associated with profuse dia- 
phoresis. Usually these attacks occurred several times each day. Two months 
previously the patient had commenced to have severe and almost constant right 
frontal and occipital headaches. During this time he had also had several short 
intervals of blurring of vision. There had been two attacks of jerking of the 
left arm lasting about one minute without loss of consciousness. No history of 
sinus infection or any other infection about the head could be elicited. 

Physical Examination.—Physical examination revealed an unusually well 
developed and well nourished man; 5 foot, 9 inches in height (175.3 cm.), weight 
201 pounds (94.8 Kg.). The temperature was 98.6 F.; the pulse rate, 80, and 
the blood pressure, 120 systolic and 80 diastolic. The observation made on physical 
examination showed the patient to be essentially normal except for a slight 
enlargement of the heart. There were no abnormal heart sounds or murmurs. 

Neurologic Examination.—The head was normal in size and shape; the per- 
cussion note was normal, and there were no scars or exostoses. Examination of 
the cranial nerves revealed: first nerve, olfactory sense slightly diminished on the 
right and left; second nerve, transient blurring of vision with history of attacks 
in which the patient saw a silver flash, vision 6/10 in the right eye and in the 
left 6/7, perimetric fields normal except for marked enlargement of the blind 
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spot, marked choking of the disks in both eyes with hemorrhages and new tissue 
formation and elevation of 4 diopters on both sides; third, fourth and sixth 
nerves, normal except for fine lateral nystagmus both to the right and to the 
left; fifth nerve, normal; seventh nerve, slight asymmetry of the lower facial 
musculature on the left with voluntary and involuntary movements of expression ; 
eight, ninth, tenth, eleventh and twelfth nerves, normal. Examination of the 
motor nerves revealed: normal gait, no paresis or paralysis, no atrophy or abnormal 
tonicity. Sensory examination showed normal touch, pain, temperature and 
vibratory sensations. The deep reflexes were slightly exaggerated on the right side; 
the superficial reflexes were normal. No pathologic reflexes were noted. Cerebral 
examination revealed: frontal lobe, slight impairment of memory and very mild 
cuphoria; temporal lobe, normal; precentral lobe, two jacksonian attacks of the 
ft arm; postcentral and postparietal lobes, normal; occipital lobe, attacks of 
ransient visual hallucinations associated with nausea, vertigo and diaphoresis. 
erebellar examination revealed: suboccipital headaches; otherwise the results 
re negative. 


Laboratory Examination—The urine was normal. The Bordet-Wassermann 
iction of the blood was 4-4-4; the Kahn test, ++. A roentgenogram of the 
ull was normal. The visual fields Were normal except for enlargement of 
nd spot. 

Diagnosis —A diagnosis was made of cerebral syphilis with increased intra- 
nial pressure. 

In view of the fact that signs of intracranial pressure had developed notwith- 
nding considerable antisyphilitic treatment, it was felt that it was imperative 

perform a decompression in order to conserve vision. 

Operation—A right subtemporal decompression, performed on Dec. 21, 1927, 

h the patient under local anesthesia, revealed markedly increased intracranial 

ssure. 

Postoperative Course—Intensive antisyphilitic treatment was continued and 

choking of the disks partially receded to about 3 diopters on the right and 
diopter on the left. Two months later, there was an increase in the elevation 

the disks, with the appearance of weakness of the left arm without sensory 
anges. 

Operation —Because of the progression of the neurologic symptoms, the pos- 
bility of a neoplasm was again considered and on Feb. 24, 1928, a right osteo- 
lastic flap operation was performed. When the dura was opened, a very remark- 
ble picture presented itself. The convolutions were entirely flattened out and 
ere was a perivascular thickening of the arachnoid, forming a whitish, irregular 
ne on either side of the cortical vessels in the cerebral sulci. The appearance was 
; though melted paraffin had been poured on the brain and had hardened in the 
sulci (fig. 4). Puncture of the body of the ventricle released about 30 cc. of fluid 
under increased pressure. Further exploration with the ventricle-needle revealed 
no abnormal resistance or cystic cavities. The subtemporal decompression was 
enlarged and the osteoplastic flap was replaced. ‘ 


Postoperative Course. 





Strenuous antisyphilitic treatment was continued. The 
choking of the disks subsided in both eyes to 2 diopters. Very slight motor 
weakness of the left arm remained. At examination on May 31, 1928, the fundi 1 
were found to be flat with new tissue formation and secondary atrophy; visual i | 
acuity 20/50 in each eye; no headaches; no vomiting, slight weakness of the 
left arm. On Aug. 8, 1928, there was no headache or vomiting; the decompressed 
area was bulging but relaxed; there was slight weakness of the left arm. 


oo 
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Comment.—In this case, a diagnosis of tumor of the brain was 
repeatedly considered, and for this reason the second operation was per- 
formed. At the second operation, however, a dilated ventricle was 
found on the side of the suspected tumor, and instead of a tumor a well 
marked leptomeningitis was exposed. The intracranial pressure was 
due, I believe, to the interference with the circulation of the cerebro- 
spinal fluid in the subarachnoid space, caused by the leptomeningitis, and 
to a resulting mild internal hydrocephalus. 


CasE 6.—A young woman whose husband had a history of syphilitic infection 
had signs of increased intracranial pressure and other localizing signs; Bordet- 
Wassermann reaction of the blood positive; subtemporal decompression with anti- 
syphilitic therapy relieved the intracranial pressure and other neurologic signs; 
recovery. : 

History—A young married woman, aged 20, was referred to me on March 
23, 1928, complaining of severe headaches, vomiting and convulsions. She had 
been married six months before. Her husband had a definite history of syphilis, 
and his blood gave a positive Bordet-Wassermann reaction. About Feb. 1, 1928, 
the patient had been in an automobile accident, had been unconscious for two 
hours, and had had a miscarriage of a five months’ fetus. Three weeks later 
she commenced to have severe frontal and suboccipital headaches. About March 1, 
the headaches began to be associated with vomiting and diplopia. The patient had a 
generalized tonic and clonic convulsion, with loss of consciousness. One week 
later, there was marked blurring of vision and diplopia. Twenty-four hours before 
examination, weakness and numbness of the left arm developed. 


Physical Examination.—Physical examination revealed a rather slender and 
anemic young woman, weighing 96 pounds (43.5 Kg.). The pulse rate was 65; 
the temperature, 36 C. (96.8 F.), and the blood pressure, 108 systolic and 54 dias- 
tolic. The observations made on physical examination were essentially normal. 


Neurologic Examination.—The head was normal in size and shape with no 
tender areas; the percussion note was normal. There was an old scar in the left 
parictal region, and dilatation of the veins of the upper lids. Examination of 
the cranial nerves revealed: first nerve, normal; second nerve, slight visual 
impairment, right and left, symmetrical general contraction with enlargement 
of blind spots in the visual fields of both eyes, choking of 3 diopters with new 
tissue formation; third, fourth and sixth nerves, normal except for slight 
bilateral exophthalmos ; fifth nerve, normal; seventh nerve, lower facial weakness 
on the left; eighth, ninth, tenth, eleventh and twelfth nerves, normal. Examina- 
tion of the motor nerves revealed: paresis of the left arm and paralysis of the left 
hand, no atrophy, no abnormal tonicity. Sensory examination showed: diminished 
sensation to touch, pain and temperature over the left hand. The biceps, triceps, 
patellars and achilles reflexes were hyperactive on the left side. The abdominal! 
reflexes were inactive on the left. There were no pathologic reflexes. Cerebral 
examination revealed: frontal and temporal lobes, normal; precentral lobe, history 
of general convulsion and weakness of left upper extremity; postcentral lobe, 
diminished sensation in the left hand, postparietal lobe, astereognosis on the left. 
The occipital and cerebellar areas were normal. 

Laboratory Examination—The urine was normal except for faint trace of 
albumin; the blood count was also normal.’ Repeated Bordet-Wassermann tests 
of the blood gave a 4-4-4 reaction; the Kahn test, +++. A roentgenogram of 
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the skull was normal. Visual fields showed moderate contraction with enlarge- 
ment of blind spots. Spinal puncture was not made in the presence of choking of 
the disks. 

Diagnosis—A diagnosis was made of cerebral syphilis with associated 
increased intracranial pressure. 

For one week the patient was given intensive antisyphilitic treatment. During 
this period the choking of the disks increased to 4 diopters right and left, and 
fresh hemorrhages occurred. In order to conserve the patient’s vision a decom- 
pression seemed imperative. 

Operation.—With the patient under local anesthesia, right subtemporal decom- 

ression revealed markedly increased intracranial pressure. There was a marked 
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Fig. 6 (case 6).—A, patient showing the operative scar nine days after opera- 
tion; B, five weeks after right subtemporal decompression. 


thickening of the arachnoid membrane in the cerebral sulci and several small 
white plaques, which gave an appearance as though melted paraffin had been 
poured on the brain and had hardened in the sulci (fig. 5). 


Postoperative Course-—The choking of the disks rapidly subsided and the 
retinal hemorrhages disappeared. There was moderate bulging of the decom- 
pressed area (fig. 6, A). Intensive antisyphilitic treatment was continued. The 
visual acuity returned to 6/6 in each eye and the other neurologic signs com- 
pletely disappeared (fig. 6, B). Seven months later the patient was free from 
general and neurologic symptoms. The Bordet-Wassermann reaction of the 
blood was 0-4-0. The spinal fluid showed an initial pressure of 15 cm. of water, 
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with a jugular compression of 28 cm. After 5 cc. of fluid was removed, the 


pressure was 12 cm. and the color was clear. The globulin was negative; there 
was no cell count; the Bordet-Wassermann reaction was ++, and colloidal 
gold reaction 0000000000. 


Comment.—Extensive neurologic symptoms and increased intra- 
cranial pressure developed in a case of early syphilis. The finding of 
leptomeningitis at decompression suggests that this was the etiologic 
factor in the production of the increased intracranial pressure. Sub- 
temporal decompression with antisyphilitic therapy relieved the intra- 
cranial pressure and the general and neurologic symptoms. 


COMMENT 
Etiology.—In five cases there was a definite history of a primary 
syphilitic infection, while in one case there was a congenital syphilitic 
infection. The interval between the appearance of the primary syphilitic 
lesion and the development of the symptoms and signs of intracranial 
pressure showed marked variation. In two cases, the interval was six 
months ; in one, ten months; in one, two years; in another, nine years, 
and in the case of the congenital syphilitic patient, twenty-two years. 
Baruch * stated that in his series of cases papilledema occurred most 
frequently in the secondary stage of syphilis, the longest interval 
between the primary infection and the appearance of the papilledema in 
his series being sixteen years. 

The signs and symptoms of increased intracranial pressure exhibited 
in these cases were undoubtedly associated with the syphilitic infection. 
In case 5, the possibility that a latent tumor of the brain was coincident 
with the syphilitic infection cannot be entirely ruled out; in the other 
five cases, however, the subsequent course thoroughly justifies the 
assumption of a syphilitic etiology. 

Sex and Age Incidence-——The average age of the patients in these 
six cases was 27 years and 4 months, four of the patients being less 
than 23 years of age. Four were men, two were women. 


Symptoms.—Severe headache was a constant complaint in these six 
cases. In four, the headache was described as being frontal and sub- 
occipital; in one, it was bitemporal and suboccipital, and in the sixth 
case it was right parietal and suboccipital. It is interesting to note that 
the suboccipital location of the headache was present in every case. 
Frequent and forceful vomiting was associated with the headache in 
five of the six cases. Transient vertigo occurred in four of the cases. 
Transient blurring of the vision was a symptom noted by each of the 
six patients. They described it as a transient clouding which very 






8. Baruch, R.: Stauungspapille bei Syphilis, ihre Ausgange und therapeu- 
tische Beeinflussung durch Salvarsan, Deutsche med. Wchnschr. 49:186, 1923. 
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quickly passed away. Diplopia of the horizontal type was noted by 
four of the patients. This symptom was not constant. Convulsions 
were a striking feature of these cases. In two of the cases attacks of 
grand mal occurred. In one case weakness and numbness of the left 
arm followed such an attack, and in the other, weakness of the right 
side and disturbance of speech followed one attack, while after another, 
weakness of the left side was noted. One of the patients had attacks 
of the petit mal type, and later some definite jacksonian convulsions of 
the left arm. Another patient had attacks of sensory epilepsy of the 
right arm, and still another had noted frequent attacks of transient 
numbness of the hands and of the lower part of the face. Speech 
disturbance consisting of difficulty in naming objects, and a slight 
impairment of the ability to comprehend speech occurred in two cases. 
There was a history of an unsteady and mildly staggering gait in three 
cases, and a passing and very mild delirium had been noted in four 
“ases. 

Objective Symptoms.—In each of the six cases a choked disk of 3 
1r more diopters was found. Palsy of the extra-ocular muscles with 
liplopia was present in three cases and lateral nystagmus was found 
n two. Weakness of the lower portion of the face was noted in five 
‘ases, and in two cases there was transient loss of power in an arm, 
ind in an arm and leg, respectively. The sensory changes consisted 
‘f paresthesia in three cases and, in one case, of an actual hyperesthesia 
m one side of the body. The deep reflexes were unilaterally hyperac- 
tive in four cases, in one case they were hyperactive throughout, and 
n one case they were normal. In two cases there were mild speech 
ibnormalities in the form of a partial anomia and a diminished percep- 
tion of speech. In three cases a slight impairment of memory was 
noted. Ataxia was present in four of the six cases, in the form of an 
unsteady gait, hypermetria, adiadochocinesia or a positive Romberg sign. 
i:xamination of the perimetric fields showed no hemianopia in any of 
the patients, but in three cases there were enlarged blind spots and in 
two, a moderate general contraction of the fields. In each case the 
roentgenographic study of the skull showed that it was normal. Lumbar 
puncture was not performed on any of these patients because of the 
high degree of choking of the optic disks. 

The striking feature in this summary is the wide diversity of the 
clinical observations in the individual case. For example, involvement 
of the cranial nerve, sensory symptoms; aphasia and marked cerebellar 
signs all occurred in one patient. Furthermore, in following these 
cases from day to day a marked inconstancy and variability was noted 
in the clinical observations. Such conditions, I believe, can be produced 
only by a very diffuse lesion and could not be explained by the presence 
of a localized lesion such as a gumma. 
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Pathology.—The cause which has been generally accepted for the 
existence of increased intracranial pressure associated with syphilis, is 
the presence of a cerebral gumma. However, after a careful review 
of the symptomatology in the group of cases here reported, one must 
seek another cause. The striking point in these cases is the diversity 
of the symptoms and signs which indicates the presence of a diffuse 
pathologic condition. 

The pathologic lesion which would best explain the clinical obser- 
vations is a syphilitic leptomeningitis. Since all the patients made a 
satisfactory recovery, exact pathologic information is lacking. How- 
ever, in two of the cases a marked degree of leptomeningitis was 
exposed at operation. In the first of these cases there was a marked 
thickening of the arachnoid, forming a whitish, opaque, irregular line 
on either side of the cortical blood vessels in the cerebral sulci. The 
picture was a striking one, as it looked as though melted paraffin had 
been poured on the brain and had collected and hardened in a thin layer 
in the sulci between the cerebral convolutions (fig. 4). Microscopic 
examination of this thickened arachnoid tissue revealed a loose fibrillar 
network containing numerous lymphocytes. In the other case there 
were whitish, opaque, multi-angular areas in the cerebral sulci over the 
temporal lobe (fig. 5). It is possible that this same condition was 
present in the other four cases of this group, for it may have been 
distributed over other portions of the brain even though it was not 
evident in the comparatively small area of the temporal lobe exposed 
when the subtemporal decompression was made. 

In all these cases a markedly increased intracranial pressure with 
bulging of the brain through the dural opening was found at the time 
of the subtemporal decompression. In two cases in which the lateral 
ventricle was tapped, a dilatation was found, indicating a mild internal 
hydrocephalus. In three of the cases there was an excessive amount 
of subdural and subarachnoid fluid. In all the cases, after operation 
a bulging through the subtemporal decompression opening was observed, 
and this persisted for varying periods. 

The symptoms of intracranial pressure observed in these cases, con- 
sisting of headache, choked disk and vomiting, were caused, I believe, 
by an obstruction of the cerebrospinal fluid circulation in the subarach- 
noid space, this obstruction being due to syphilitic leptomeningitis. 

In a thorough study of the subject, LeCount and Dewey ® (1915) 
found that leptomeningitis is a common complication of syphilis. They 
describe three types of syphilitic involvement of the pia-arachnoid: 
(1) opacity or turbidity, (2) patches of fibrous thickening and (3) 


9. LeCount and Dewey: Syphilitic Leptomeningitis, J. Infect. Dis. 16:142, 
1915. 
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discrete focal lesions. Wilder,* also, in writing on the subject of 
syphilitic leptomeningitis, enumerated symptoms of this disease which 
correspond very closely to those observed in the six cases of this report, 
viz., headache, vomiting, vertigo, convulsions, aphasia, hemiplegia, 
deafness, difficulty in swallowing, psychic manifestations, mental dulness, 
confusion, apathy, loss of memory and even mania. This author further 
stated that a choked disk may be present which cannot be distinguished 
clinically from that seen in tumor of the brain. 


Treatment.—Macewen was the first to practice surgical intervention 
in cases of cerebral syphilis. Horsley and Gowers, in 1893, advocated 
the surgical treatment of cerebral gummas, and Cushing ** in his epoch- 
making contribution to the subject of surgery of the brain in his chap- 
ter in Keen’s Surgery (1908), made the following statement con- 
cerning the relief of symptoms of intracranial pressure associated with 
syphilis : 


I have seen a number of cases in which persistent cephalalgia has been 
uickly alleviated, together with a rapid subsidence of a choked disc, after a 
imple subtemporal decompression. This palliative measure serves, by abolishing 
the headache and vomiting, to so improve the patient’s general condition that the 
medicinal treatment is far better tolerated. It, furthermore, has seemed to me 
to make the drug administration much more efficacious, owing possibly to the 


lessening of intracranial venous stasis and consequent improvement of the circu- 
lation, 


In 1922, at the Congrés de la Société francaise d’Ophthalmologie, 
MM. Babinski, Chaillons, Rochon-Duvigneaud and Velter all empha- 
sized the importance of a decompression operation in conjunction with 
antisyphilitic therapy in relieving choked disks occurring with syphilis. 

In order to conserve vision, subtemporal decompression was per- 
formed in all the cases of my series. Following this treatment the 
headache, the vomiting and the choking of the disks promptly sub- 
sided. In three cases the vision was entirely normal after the choking 
of the disks subsided ; in two cases the vision was only slightly impaired, 
and in one case it was moderately impaired. 

If the signs and symptoms of intracranial pressure are not promptly 
relieved by antisyphilitic treatment, I believe that one should not hesitate 
to perform a subtemporal decompression. This procedure may be car- 
ried out under local anesthesia. The risk is minimal and the operation 
will conserve the vision of the patient, who would otherwise become 


blind. Strenuous antisyphilitic treatment should be continued following 
the decompression. 


10. Cushing, Harvey: Surgery of the Head, in Keen: Surgery, Philadelphia, 
W. B. Saunders Company, 1908, vol. 3, pp. 1-276. 
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CONCLUSIONS 
1. Symptoms and signs of increased intracranial pressure may occur 


in syphilis and may closely resemble the clinical picture of tumor of the 
brain. 


2. Although a gumma may be the cause of the increased intracranial 
pressure, there is evidence to indicate that it may also result from 
syphilitic leptomeningitis. 


3. When signs of intracranial pressure do not promptly subside 
under antisyphilitic treatment, a subtemporal decompression should 
be performed at once. 














THE TONUS AND CONTRACTURE 
MUSCLES 


FREDERIC BREMER 


OF SKELETAL 


Natural (reflex) contractions of the skeletal muscles of vertebrates 
are apparently of two different types: “phasic” and “tonic.” 

The properties of the contractions of the phasic type, the voluntary 
contraction of man, for example, are clearly those of a neuromuscular 
tetanus. 

The contractions of the tonic type, the so-called decerebrate rigidity 
of mammals, for instance, are characterized, especially, by the smallness 

the phonomyographic and the electromyographic oscillations of the 

tive muscles, their apparent indefatigability and by their plasticity 
hich enables them to maintain the same contractile tension in widely 
ifferent lengths. 

The neuromuscular determinism of muscle tone is still a matter of 

itroversy among physiologists. Two theories of its mechanism have 

cen proposed and are still defended. For one group of investigators 
Bottazi, de Boer, Langelaan, E. Frank, J. I. Hunter and Ranson),* 
e differences between the tonic and phasic types of sustained contrac- 
n result from a radical difference in their physiology. For these biol- 
ists, reflex tonus of skeletal muscles is, at least in part, the expression 
the activity of a special contractile mechanism, quite distinct from the 

‘chanism which is responsible for the twitch and tetanus, but of prop- 

ties similar to those of the smooth muscles, and activated by a special 

‘tor innervation depending on the autonomic (vegetative) nervous sys- 

in. The function of this tonic contractile mechanism, as yet ill defined 
morphologically (special muscle fibers [?] or sarcoplasm of the ordinary 
libers [ ?]), would be to secure, with the minimal expenditure of energy, 
the fixation of contractile states at any physiologic length. 

For another group of physiologists, notably Sherrington, Forbes, 
Cobb,? Fulton,* Adrian * and Dusser de Barenne, tonus is a proprioceptive, 
essentially myotatic, and postural reflex. Tonic contraction is nothing 
else than a partial tetanus of the muscle. Its electromyographic particu- 
larities may be explained by the complete asynchronism of the central 
emission of motor impulses, and consequently of the responses of the 
individual muscle fibers. Its apparent indefatigability would be due to 


1. Quoted by Ranson: J. Comp. Neurol. 40:1, 1926. 
2. Cobb, S.: Physiol. Rev. 5:518, 1927. 


3. Fulton: Muscular Contraction and the Reflex Control Movement, Balti- 
more, Williams & Wilkins Company, 1926, chapt. 16. 


4. Adrian: J. Physiol. 46:384, 1913. 
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a continuous rotation in the activity of the individual neuromuscular 
units which are engaged at any moment in the tonic reflex (Forbes). 
The plasticity of tonic muscle, discovered by Sherrington,’ had been 
shown by him to be the result of the play of two proprioceptive reflexes, 
the shortening and the lengthening reaction, and not the expression of 
an intrinsic muscular property. 

The experimental work of the last decade has on the whole supported 
Sherrington’s doctrine of muscle tone.. Dusser de Barenne and Burger ‘ 
have proved that the metabolism of tonic contraction is not qualitatively 
different from the metabolism of phasic activity. Evidence of discon- 
tinuous electrical activity has been detected in practically all cases of 
tonic activity, lastly in the rigidity induced by tetanus toxin.’ All experi- 
ments tending to demonstrate the dependence of muscle tone on a 
special, sympathetic or parasympathetic innervation have failed. 

Still, muscle tone possesses, apart from its already mentioned char- 
acteristics, a striking sensibility to various central or peripheral condi- 
tions. It may vanish under conditions which leave the phasic contractile 
tension apparently unchanged ; weak inhibition (Sherrington, Fulton), 
the action of drugs (that of scopolamine, for example, on parkinsonian 
rigidity), fatigue or circulatory disturbances of the muscles. In the 
first two cases a disturbance of the muscular receptivity is out of the 
question. The reasons for this special fragility of tonic innervation are 
not yet clear. 

On the other hand, the demonstration of the fundamental identity 
of phasic and tonic contractions does not in itself exclude the possibility 
that the skeletal muscles of vertebrates have, besides their ordinary quick 
contractility, contractile properties allied to those of the smooth muscles 
and with another significance than their, erroneously supposed, toni 
function. 

The researches, the main results of which will be reported here, per- 
tain to these two sides of the question. 

In the first part of this paper, describing experiments made with the 
collaboration of Titeca and van der Meiren, the elective action of curare 
on reflex tone, especially in its exaggerated manifestations (hypertonias ) 
will be described and its significance discussed. 


In the second part of the article, | shall describe the results of experi- 


ments relating to the problem of the contractile duality of skeletal 
muscles. 


5. Sherrington: Quart. J. Exper. Physiol. 2:136, 1909. 
6. Dusser de Barenne and Burger: Klin. Wchnschr. 3:395, 1924. 
7. Keller, C.: Ztschr. f. Biol. 87:435, 1928. 
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CURARE AND MUSCLE TONE 

The Elective Action of Curare on Decerebrate Rigidity.*—The start- 
ing point of our researches was the observation that it was possible, by 
the intravenous injection of a very small dose of curare (+ 0.25 mg. 
per kilogram), to abolish or to diminish considerably the extensor rigid- 
ity of decerebrate cats, without apparently affecting their phasic 
motricity. The contrast of the general flaccidity of these animals with 
the apparent vigor of all their bulbar and spinal reflexes was striking 
because generally when decerebrate rigidity vanishes spontaneously, 
ither it is replaced by a condition of flexor tone with the disappearance 
if the crossed extensor and other allied extensor reflexes, or it is only 
ne of the symptoms of a general depression of the nerve centers and is 


iccompanied by a weakening or abolition of all reflexes, especially the 
xtensor ones. 


Fig. 1—Crossed extensor reflexes and neuromuscular tetanus of the isolated 
astrocnemius muscle of decerebrated cats. Isometric records taken with the 
Sherrington torsion wire myograph. In these and in all the subsequent records of 
eflexes, the beginning of the faradic maximal stimulation of the central stump 
{ the sciatic nerve is marked by the movement of the signal line downward. The 
ime at which each reflex is elicited is written immediately under the signal line. 
The distance of the secondary coil is marked above it. Time is given in second 
intervals. A shows the curve of the reflex of a decerebrate rigid cat; B, of the 
xastrocnemius muscle of a decerebrate rigid cat. All the muscles of the calf and 
f the thigh had been deafferented by the aseptic section, thirty-two days previously, 
of the posterior roots of the fifth, sixth and seventh lumbar and first sacral 
nerves. The limb was entirely atonic. Note the persistence of the true after- 
discharge, and the complete disappearance of the tonic pseudo-after-discharge 
(shortening reaction). C shows the curve of neuromuscular tetanus of the 


gastrocnemius muscle chosen from the same contractile tension as the two preced- 
ing reflexes. Reduced one-third. 


The elimination of such small doses of curare is rapid, so that after 
twenty to thirty minutes the extensor tonus begins to reappear, and after 


forty-five to sixty minutes the rigidity may have regained its original 
degree. 


8. Bremer; Titeca and van der Meiren: Compt. rend. Soc. de biol. 96:275, 
1927. 
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The phenomenon may be objectivated by the myographic registration 
of the crossed extensor reflex of the cat. The reflex, evoked by a maxi- 
mal faradic stimulation of the sciatic nerve on one side, is characterized 
by the prolongation of its contraction into a lasting pseudo-after- 
discharge, which is nothing else, as Sherrington ° has shown, than a tonic 
shortening reaction, grafted on the phasic reflex contraction (figs. 1, 2 
and 3). The precocity, intensity and duration of this tonic pseudo- 
after-discharge are proportional to the intensity of extensor rigidity and 
constitute a valuable index of it. 


Fig. 2—Two crossed reflexes of a_decerebrated rigid cat, weighing 2.9 Kg.; 
A, curve taken before the intramuscular injection into the upper third of the 
gastrocnemius muscle, of 0.2 cc. of a 1 per cent solution of procaine hydrochloride 
in Ringer’s serum, and B, seven minutes afterward, a marked weakening of the 
shortening reaction (atonia) is visible. Reduced one-third. 














Fig. 3.—The three constituents of the crossed extensor reflex: (1) in white, 
the reflex tetanus; (2) in horizontal hatching, the true after-discharge, and (3) in 
vertical hatching, the shortening reaction (tonic pseudo-after-discharge) which 
disappears, when the muscle is insensibilized, and which is especially sensitive to 
curare. 


Figure 4 shows the crossed extensor reflex, isotonically registered 
on a slowly moving drum, of the isolated vastocrureus of a rigid cat 
before (A) and during (B) the action of a weak dose of curare. As 
one sees it, the reflex of the curarized animal, though of the same myo- 
graphic amplitude as before, is entirely deprived of tonic after-discharge, 
purely phasic. Figure 4C shows the recovery of the normal tonic 
features of the reflex, fifty minutes after the injection. In this experi- 
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ment the same elective action of curare on decerebrate rigidity, followed 
by the recovery of tone after about forty-five minutes, was observed 
three times. 

[sotonic myograms cannot give accurate information on the possible 
degree of electivity of this action of curare on decerebrate rigidity. To 
obtain such information it is necessary to record the tensions developed, 
respectively, by the phasic reflex and its tonic after-discharge. Figure 5 
reproduces such isometric myograms taken at regular intervals after the 
injection of the drug. They show the rapidity of the action of curare 
on the shortening reaction, whose progressive weakening contrasts with 


Fig. 4—Crossed extensor reflexes of the isolated vastocrureus muscle of a 
decerebrate cat, weighing 3.5 Kg. Isotonic records. A shows curve made before 
curarization. Marked extensor rigidity is shown by the strong shortening 
reaction. B was made eight minutes after the injection of 1 mg. of curare in the 

‘ular vein. Animal is atonic. There is a complete disappearance of the shorten- 
ing. reaction. C was made twenty minutes after the injection of curare. 
is nearly as rigid as before. Reduced two-thirds. 


Animal 
the unchanged height (contractile tension) of the phasic part of the 
reflex. Only at a later stage of the intoxication, the reflex plateau begins 
to sink down during stimulation, the characteristic muscular fatigability 
of curare intoxication. Tonic after-discharge, though considerably 
reduced, had not yet entirely disappeared at this moment in this case. 


9. Hofmann: Arch. f. d. ges. Physiol. 93:136, 1903; 95:484, 1903. 
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Figure 6 shows a series of myograms of the crossed extension reflex 
taken in succession at different initial tensions: A, before, and B, during 
the intoxication. The special sensibility of the tonic after-discharge is 
manifest. This is also apparent in figures 9 and 10. 


Fig. 5.—Progressive disappearance of the tonic shortening reaction, and o 
decerebrate rigidity, after an injection of 0.18 mg. of curare per kilogram at 4: 0: 
o’clock and a second one of 0.06 mg. at 4:25 o’clock. A shows curve of crosse: 
extensor reflex (isometric record) of the isolated gastrocnemius muscle befor 
curarization; B, C, D. E and F, of reflexes evoked by the same maximal stimulu: 
of the sciatic nerve at the different stages of curarization. Reduced one-third. 


Fig. 6.—Crossed extensor reflexes of the isolated gastrocnemius muscle evoked 
by the same maximal stimulus at different initial tensions of the muscle: at left, 


before curarization; and at right, during curarization (0.37 mg. per kilogram). 
Reduced one-third. 


Other experiments have convinced us moreover that the height of 
the simple maximal neuromuscular twitch (isotonic) may be absolutely 


unaffected at a stage of curarization when decerebrate rigidity has 
entirely vanished. 
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Elective Action of Curare on the Rigidity of Local Tetanus.°—It 
was interesting to verify that another reflex hypertonia, though quite 


different from that of decerebrate rigidity in its determinism, was also 
electively sensitive to curare. 


The reflex hypertonia of local tetanus has been found, in our experi- 
ments, as electively sensitive to curarization as decerebrate rigidity. Cats 
and rabbits were given injections, subcutaneously or intramuscularly, of 
an appropriate dose of tetanus toxin in one of the hind limbs. A local 
rigidity developed in the muscles of the region or muscles in which the 
injection was made (fig. 7.4). From the second to the fifth day after 
the injection, when this rigidity was still entirely, or for the greatest 
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Fig. 7.—Elective action of slight curarization on the rigidity of local tetanus. 
May 3, 1927, at 6 p. m., this rabbit, weighing 850 Gm., was given an injection, 
under the skin of the left thigh, of 0.02 cc. of a toxin capable of killing a mouse 
in the dosage of 0.001 cc. On May 5, 1927, a rigidity of the thigh was manifested. 
On June 5, 1927, the date of the experiment with curare, the rigidity was extreme, 
woodlike. .A shows the animal at 11 a. m. before curarization; B, at 12:25 p. m., 
one hour after the subcutaneous injection of 0.25 mg. of curare. There has been 
a complete disappearance of the stiffness of the left thigh. The attitude and 
strength are apparently normal. Fatigability is noted. C shows the animal at 
11:45 a. m., completely atonic, though still capable of walking (twenty minutes 
after the injection of curare, the dosage being slightly excessive). At 2 p. m. 
the stiffness of the left thigh was as marked as before. 


() 
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10. Bremer; Titeca and van der Meiren: Compt. rend. Soc. de biol. 97:895, 
1927, 
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part, a reflex hypertonia (Meyer and Ransom), it was sufficient, in order 
to abolish or considerably diminish it, to inject subcutaneous doses of 
from 0.2 to 0.3 mg. of curare per kilogram. These doses had only a 
slight effect on phasic motricity and might even leave normal tonus (atti- 
tude) unchanged (fig. 7B). The action of the drug is maximal in 
from thirty to sixty minutes after the subcutaneous injection and is per- 
ceptible for about two hours. The effect of the injection of one and 
the same dose weakens from day to day on account of the transforma- 
tion of the primary reflex hypertonia in an irreversible myogenic con- 
tracture. When the transformation is complete (in our experiments 
from the seventh day onward), curare, in any dosage, has no effect on 
the rigidity. 

This electivity of curare on the spasticity of local tetanus would 
seem to justify its therapeutic use in human tetanus, a use which, as a 
matter of fact, has been tried from time to time; and even in other con- 
ditions of neurogenic muscular spasticity. The narrowness of the mar 
gin, however, between therapeutic and dangerous doses, the variabilit) 
in the stocks of curare, the difficulty of preparing its pure alkaloids, an: 
also the common presence in cases of tetanus, in human beings, o 
symptoms of general (phasic) reflex hyperexcitability, make this metho: 
actually unsafe. 

The Action of Curare on Normal Reflex Tonus..—Normal muscl 
tone of an intact animal is not as electively sensitive to curare as ar 
decerebrate and tetanus rigidities. Certainly, the loss of postural ton: 
is the dominant symptom of the slight and reversible curarization o 
vertebrates. It shows itself in frogs, given intravenous injections wit! 
a minimal dose, by the contrast which exists between the general mus 
cular flaccidity of the animal and the energy of its jumping; in rabbit 
by the drooping of the ears, a symptom which Boehm has already noted 
as the earliest one of progressive intoxication, then by the sinking down 
of the whole body, which is spread out along the ground (fig. 7 C), and 
by the manifest flabbiness of the musculature. But at this stage oi 
intoxication, the animals, though still capable of efficient contractions, 
exhibit a degree of paresis which cannot be accounted for by mere hypo- 
tonia. Still weaker doses determine only a characteristic fatigability of 
the animals. 

The Possible Mechanism of the Elective Action of Curare on Normal 
and Exaggerated Muscle Tone.—Because of the classic properties of 
curare, comment may be restricted to a few possible explanations. 

An effect on afferent or central mechanisms is excluded by their well 
known integrity in much deeper stages of intoxication. The action of 
such small doses of curare must be confined to neuromuscular junctions. 
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In view of the theory of an autonomic innervation of tonus, the possi- 
bility of an action of the drug on these hypothetic neuromuscular junc- 
tions must first be discussed. This hypothesis may be easily dismissed, 
for neuromuscular junctions of the autonomic nervous system are all 
notoriously much less susceptible to curare than are the ordinary junc- 
tions of skeletal muscles. Besides, it has been repeatedly proved that 
ergotamine and atropine, the two classic paralyzing alkaloids of the 
sympathetic and parasympathetic neuromuscular junctions, are without 
iny peripheral effect on muscle tone. We have verified this fact con- 
cerning scopolamine on decerebrate rigidity. We have been unable to 
confirm the assertion of Ranson’ that local applications of a solution 
{ nicotine on the posterior root ganglions, where he located a hypothetic 
synaptic junction of the tonic efferent path (Frank*'), abolish or 
liminish decerebrate rigidity of the cat (figs. 3, 4 and 5). 
The only alternative which remains then is that the atonia of the 
irly stage of curarization is the result of the classic action of the poison 
n the ordinary neuromuscular junction of the skeletal muscle fibers. 
Our working hypothesis, suggested by researches of Forbes and 
‘mstead,’? has been that the motor innervation of tonus and reflex 
gidities, though utilizing, as the phasic one, the final common path of 
ie ordinary motoneurones, is essentially made up of impulses of a very 
igh frequency but of subnormal amplitude,’* and therefore is more 
asily blocked than impulses of a smaller frequency, at the curarized 
euromuscular junctions. A light curarization, therefore, would operate 
y the mechanism of the Wedenski inhibition, a kind of filtration of the 
ervous impulses at the intoxicated neuromuscular junctions. At an 
\itial stage of curarization (realized by the injection of an appropriate 
mall dose of the poison), the motor impulse of the tonic innervation 
ould be already blocked, when isolated impulses, and most of the 
impulses of smaller frequency and therefore of greater amplitude of 
he phasic innervation would still be able to pass the junction (to excite 
the muscle fibers). 

The experimental verification of this hypothesis ** has shown us that 
the matter is more complex than we thought it at first. Curare alone, 
contrary to our expectation, and apparently to the classic opinion,® does 
not seem to create in frogs and cats the condition of a Wedenski inhibi- 
tion, if one judges from its absence of effect on the least interval for 
neuromuscular summation and on the whole Lucas-Adrian recovery 
curve, at least when any fatigue of the neuromuscular preparation is 


11. Frank, Nothman and Hirsch-Kaufman: 
1923; 198:391, 1923. 

12. Forbes and Olmstead: Am. J. Physiol. 73:17, 1925. 

13. Lucas, K.: The Conduction of the Nervous Impulse, London, Longmans, 
Green & Co., 1917, p. 83. 
14. Bremer and Titeca: Compt. rend. Soc. de biol. 97:1407, 1927. 


Arch. f. d. ges. Physiol. 197:270, 
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avoided. But fatigue, as is well known, and verified, does increase the 
least interval, and, much better still, the combination of fatigue and 
curarization (fig. 8). The continuous arrival of tonic impulses to the 
muscle must result in a condition of fatigue of the neuromuscular junc- 
tions, which curarization seems to intensify considerably. Thus the 
condition of a selective blocking of the high frequency impulses of tonic 
innervation at the early stage of curarization can be recognized. 

This explanation takes satisfactory account of the fact that decere- 
brate and tetanus rigidity are distinctly more sensitive to curare than 
normal postural tone. These two types of spasticity have only in com- 
mon in their determinism that both are the expression of an excess of 
tonic innervation of the stiff muscles. This excess of reflex innervation 
in the final analysis must resolve itself into: (1) an augmentation of the 
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Fig. 8.—Neuromuscular recovery curves of the sciatic nerve and gastrocnemius 
muscle of a brown frog weighing 40 Gm., recorded by the method of Lucas and 
Adrian. The abscissa shows the resistance of the primary coil giving the 
intensity of the second breakshock; the ordinate, the interval between the two 
stimuli. The first stimulus is a slightly supramaximal breakshock of a coreless 
coil; the second, the breakshock of variable strength of another identical coil. The 
rupture of the two primary coils was made with Lapicque’s rheotome (chronaxi- 
métre), transformed in double interrupter. On the left appear the curves of the 
right sciatic nerve of a decerebrate frog recorded before (circles) and imme- 
diately after (triangles) sixty seconds’ tetanization of the muscle, whose circula- 
tion is intact; on the right, similar curves of the left sciatic nerve and gastroc- 
nemius muscle recorded after the curves for the right side. Between the recording 
of the curves of the unfatigued muscle (circles) and the recording of the curve 
of the fatigued muscle (triangles), an intravenous injection of 0.008 mg. of curare 
has been made. The last curve, therefore, is that of the lightly curarized and 
fatigued muscle. It shows a distinct discontinuity and an enlargement of the least 


interval for tetanic summation, which are the conditions of the Wedenski inhibition 
(Adrian). 


number of motor fibers occupied by the tonic reflex, and (2) an 


increased frequency of the motor impulses transmitted by each fiber 
individually. 
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On the whole, these experiments on curare give additional evidence 
of the fundamental identity of phasic and tonic innervation, both being 
of tetanic nature and utilizing the same motor fibers. But they show 
also the possibility of an elective blocking, at the initial stage of curari- 
zation, of the motor impulses of reflex tonus, and especially of reflex 
hypertonias. From this elective action of curare, it may be inferred 
that the motor impulses of tonus must have some particularity which 
distinguish them from the motor impulses of phasic contractions. In 
our hypothesis, which is not contradicted by the experimental evidence 
at hand, this particularity of the tonic impulses is their small amplitude, 
, consequence of their especially high frequency. 












EPINEPHRINE AND MUSCULAR ATONIA CAUSED BY SMALL 


DOSES OF CURARE 





















The fact that muscle tone is independent in its motor innervation 

‘om the autonomic nervous system does not, of course, exclude the 

possibility of an autonomic, specially sympathetic, innervation of skeletal 
uscle fibers having another definite function.’® 

The well known morphologic work of Tchirief, Bremer, Boecke, 

\gduhr, Kulchitsky, Hunter, Kuntz and Herper (see Weed **) makes 
ich an innervation probable. The remarkable results of Orbeli and 

iis pupils,’* though still needing confirmation, point to a trophic, dyna- 

inogenic and defatigating action of this sympathetic innervation. 

The dynamogenic effects of epinephrine on skeletal muscles has been 
msidered by many physiologists, notably Cannon, Gruber,’* and 
‘uglielmetti '® as mimetic of this sympathetic revigorating action. But 

‘or other investigators, lastly, Wastl,?° this dynamogenic action of 
pinephrine on normal or fatigued muscles of mammals, besides being 
inconstant, may be entirely explained by the cardiomuscular effects of 
ihe alkaloids and the resulting betterment of muscle circulation. (Our 
xperiments with epinephrine on lightly curarized cats may be of interest 
n the controversy because they show a muscular action of epinephrine 
which cannot be explained, we think, by hemodynamic factors.) 

The existence of an epinephrine-curare antagonism was described by 

| ’anella,?* De Fonseca,** and Gruber.** In their experiments, the neuro- 


15. Bremer and Titeca: Compt. rend. Soc. de biol. 99:624, 1928. 

16. Weed, L. H.: Bull. Johns Hopkins Hosp. 40:127, 1927 

17. Orbeli, quoted by Fulton (footnote 3). 

18. Gruber: Am. J. Physiol. 61:474, 1922. 

19. Guglielmetti: Collected Papers, Buenos Aires, 1924; Compt. rend. Soc. de 
biol. 87:692, 1922. 

20. Wastl, H.: Arch. f. d. ges. Physiol. 270:397, 1928. 

21. Panella: Arch. ital. de biol. 48:462, 1907. 

22. De Fonseca: Arch. brasil. de méd., 1919, p. 149. 

23. Gruber: Am. J. Physiol. 24:89, 1914. 
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muscular excitability, abolished or greatly diminished by curare, was 
more or less completely restored by epinephrine. But, probably on 
account of the somewhat high doses of curare which were necessary in 
order to influence the neuromuscular excitability for single shocks, the 
antagonistic effect was not always distinct. 

Observing that the degree of extensor tone was, every other factor 
being unchanged, a delicate index of the degree of curarization of the 
decerebrate rigid cat, we thought that it would be interesting to deter- 
mine whether epinephrine has any antagonistic action on this curare 
atonia. The experiment was further justified because epinephrine, as 
is known, is without appreciable constrictive action on the blood vessels 
of nerve centers, a fact which our own observations indirectly confirmed. 

We have observed the following facts: Intravenous injections of 
epinephrine hydrochloride in various doses to normal (uncurarized) 
decerebrate cats, had only occasionally a dynamogenic action on phasic 


Fig. 9.—Action of epinephrine on the curare atonia of the cat. The records 
are approximately isometric. A shows curve of crossed extensor reflex before 
curarization; B, the same during the curare atonia. Intrajugular injection of 
0.05 mg. of epinephrine hydrochloride were given at the point indicated by the 
arrow. Reduced one-half. 


and tonic contractility, and more often exhibited a depressive action, 
which was probably the expression of its vasoconstrictive properties for 
muscular blood vessels. But when injected in the same doses into 
animals in the state of curare atonia, it showed a remarkable decurarizing 


effect, attested by the transitory reapparition of decerebrate rigidity, 
generally unaccompanied by an increase of the phasic contractile tension. 
This effect, which is nearly constant when observed visually or by palpa- 
tion, could be myographically recorded (figs. 9 and 10) in about one 
third of the total number of seventy-two injections. It is almost imme- 


diate and rarely lasts more than one minute, sometimes less. For this 
reason, it has often escaped myographic registration. 

We think that this restoring effect of epinephrine. on the atonia of 
the initial stage of curarization is the expression of a true muscular 
antagonism of epinephrine and curare for the following reasons: 1. No 
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increase of blood pressure was, in our experiments, able to influence the 
curare atonia. Besides, the minimal doses of curare used do not affect 
blood pressure. 2. In order to obtain the effect, it was necessary to 
inject quickly into the jugular vein + 0.08 mg. per kilogram of epineph- 
rine hydrochloride, a dose which was considerably higher than the dose 
sufficient to provoke marked cardiovascular effects. The same fact had 
been noted already by Gruber '* in his study of the epinephrine fatigue 


Fig. 10.—Action of epinephrine on the curare atonia. The first three rows are 
ipproximately isometric myograms of the crossed extensor reflex. The myograms 
of the fourth row are strictly isometric (torsion wire myograph). The first two 
rows of reflexes were recorded in the same experiment. The reflexes A, D and F 
were taken before curarization, on the rigid decerebrate cats, all the others during 
curare atonia. Injections of epinephrine (+ 0.08 mg. per Kg.) were given at the 
point indicated by the arrows. Reduced one-half. 


antagonism in the cat. 3. The effect on tonus was much more transitory 
than the hemodynamic phenomena, even when it was not followed by a 
depressive effect (figs. 9 and 10, D and E). It seems that, as in the 
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experiment of Gruber just mentioned, the attainment of a liminal con- 
centration of the hormone in the close vicinity of the muscle fibers, is 
the condition of its efficient antagonistic effect. 

If it is granted that epinephrine is able to reestablish by a direct 
action on the muscle, the neuromuscular transmission impaired by light 
curarization, it seems probable, in view of the similarity of action 
between curare and fatigue, that its dynamogenic effects on fatigued 
muscles, are also due, at least in part, to a direct action of the hormone 
on the skeletal muscle fibers or on the neuromuscular junctions. 

This may be considered as a new argument, worthy of consideration, 
though indirect, in faver of a sympathetic muscular innervation of skele- 
tal muscles and its trophic, restoring function. 


CONTRACTILE DUALITY OF SKELETAL MUSCLE FIBERS 


The Neuromuscular Contracture -—The main argument of the physi- 
ologists who believe in the existence of a contractile duality of the 
skeletal muscles is the ease with which it is possible to induce reversible 
contractures, or show contractions, of the muscles of different verte- 
brates. Particularly interesting from this point of view are the con- 
tractures resulting from stimulation of amphibian muscles, either by 
appropriate direct electrical stimuli (contracture then prolongs the twitch 
or succeeds it) or by alkaloids acting at the neuromuscular junctions 
and determining at once a contracture ; as, for example, nicotine,”* acetyl- 
choline *° and numerous other bases of similar properties.2* But, 
curiously enough, it had been found impossible, except for the so-called 
fatigue contracture, the determinism of which is complex, to obtain 
similar contractures or slow contractions by stimulating the motor nerves 
of the same muscles. 

This fact, which had already been strongly emphasized by Tiegel,?’ 
has been confirmed many times, notably by Langley.** 

Yet, human pathology affords an instance of a contracture which is 
apparently provoked by nervous impulses and, at any rate, is not the 
result of muscular fatigue, for, on the contrary, fatigue tends to abolish 
or diminish it ; it is the contracture of Thomsen’s disease and other allied 
““myotonias.” 

I could find the reason for the failure of the previous attempts to 
induce contracture of the skeletal amphibian muscles by nervous stimu- 
lation. As a matter of fact, it is easy to provoke regularly, by nervous 


24. Langley: J. Physiol. 33:387, 1905; 39:235, 1909. 
25. Reisser: Arch. f. exper. Path. u. Pharmakol. 91:342, 1921. 


26. Dale and Gasser: J. Pharmacol. & Exper. Therap. 28:287, 1926; 29:53, 
1926. 


27. Tiegel: Arch. f. d. ges. Physiol. 13:71, 1876. 
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Fig. 11—Neuromuscular contracture of the brown frog. In these, and all sub- 
sequent tracings, the simple (isotonic) twitches of the gastrocnemius, provoked by 
1 single maximal breakshock on the nerve, are marked by a point under their 
myogram; the double fused twitches in answer to a succession of two maximal 
breakshocks are each marked by a number indicating in sigmas and tenths of a 
sigma the interval of the two stimuli. Reduced one-third. A, C, D and F show 
the regularity of the increase and decrease of the slow contraction (neuromuscular 
contracture) with the increase of the interval between the two stimuli, in other 
words, the strict dependence of the height of its myogram on the interval of the 
two stimuli, consequently of the interval of the two nervous impulses. The second 
and third rows of myograms were taken on the same frog at intervals of one hour. 
The temperature was 13 C. In all the figures, the constancy of the minimal. 
optimal and maximal intervals of the stimuli giving a neuromuscular contracture 
is striking. The myograms of figure 12 E and F show particularly well the 
identity of the minimal interval, with the least interval for tetanic summation 
(absolute refractory period of the nerve (which was of 1.5 sigma. The 1 sigma 
interval was too small for tetanic summation, as well as for the summation of 
impulses which evoke a neuromuscular contracture. In A, the muscle appears 
quite fresh; the twitches reproduced were the first ones of the experiment. In 
B, C, D. E and F the muscle had been tetanized previously (sometimes many hours 
before) for five to fifteen seconds. The temperatures were respectively: in A, 


14 C.; in B, 17 C.; in C and D (the same muscle), 13 C.; in E and F (the same 
muscle), 20 C. 
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means, a slow contraction which is more or less prolonged in contracture 
of the amphibian muscles. One must make a summation of two or more 
nervous impulses, and utilize, as the object, the sciatic nerve and gas- 
trocnemius muscle of recently captured brown frogs (Temporarias) or 
of toads. 

When the sciatic nerve of a neuromuscular preparation of a green 
frog (Esculenta) is stimulated with two maximal breakshocks of adjust- 
able increasing distance, starting, for example, from 0.5 sigma and 
increasing each time by intervals of 0.5 sigma, the myograms of the 
twitches isotomically recorded on a slowly moving drum, have at first 
the height and duration of the simple maximal twitch because the second 
stimulus is ineffective ; then, when the absolute refractory period is over, 
and when a tetanic fusion of two twitches ensues, the height of the 
myograms becomes greater than that of the simple twitches and increase 
regularly, up to a maximum, with the increase of distance of the two 
breakshocks. On the slowly moving drum, their parallel increase of 


Fig. 12—Neuromuscular contracture of the fresh gastrocnemius muscle of a 
brown frog. The twitches were recorded in succession every minute. Tempera- 
ture, 15 C. Reduced one-half. 


duration is not perceptible. These facts are classic, and they were found 
perfectly true in our experiments on neuromuscular preparations of 
green frogs, either fresh or preliminarily tetanized during a few seconds. 

But when the same experiment is done on the sciatic nerve and 
gastrocnemius muscle of a brown frog, especially after a short tetaniza- 
tion, a remarkable phenomenon is revealed: The simple maximal 
twitches provoked either by a single maximal stimulus or by two stimuli 
insufficiently spaced, show nothing in particular, neither do the double 
fused twitches in answer to two stimuli more than + 8 sigmas apart. 
3ut the twitches evoked by stimuli spaced, from the least minimal inter- 
val of tetanic summation (+ 2 sigmas at ordinary room temperature ) 
to + 8 sigmas, are all immediately followed by a slow secondary con- 


traction (figs. 11, 12, 15 and 16), more or less ending in a contracture 


(figs. 11 B and F, 15 A, B and C), perfectly regular in its myographic 
shape, and of a height and duration which is a function of the distance 


of the stimuli ; increasing at first up to a maximum, corresponding to an 
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optimal interval (+ 3.5 sigmas at ordinary temperature), then decreas- 
ing gradually and generally disappearing at an interval of 8 sigmas (figs. 
11, 12, 15, 16). The regularity and constancy of this increase and 
decrease are surprising (figs. 11 A, C, D, F, and 12). The myographic 
features of this slow secondary contraction or neuromuscular contrac- 
ture,2* as I call it, recall the curves of the Tiegel contracture which is 
provoked, as one knows, by the direct stimulation of the frog muscles 
with a single strongly supramaximal breakshock ; and also recall, but 
less exactly, the familiar veratrin curves. The height of its isotonic 
myogram may surpass, and sometimes considerably (figs. 11 B, 12 and 
16D), the height of the maximal fused twitch on which it is grafted, 
often submerging it (figs. 15 A and 16D). 

Determinism and Pharmacologic Properties of the Neuromuscular 
Contracture —The mere fact that the simple maximal twitches and the 
double fused twitches in answer to two stimuli more than 8 sigmas apart, 
at ordinary temperature, are never followed by a slow secondary con- 
traction, shows immediately that this slow contraction is not a conse- 
quence of the twitch to which it is necessarily associated, but has its own 
special determinism. This induction is confirmed by the fact that-the 
law of its stimulation is strikingly similar (fig. 13) to the law of sum- 
mation (addition latente) of nervous impulses which I found when 
studying this last phenomenon on incompletely curarized muscles.”® 

The explanation of the relation of the height of the secondary con- 
traction, the neuromuscular contracture, to the distance of the two maxi- 
mal stimuli on the nerve would be then as follows: A single volley of 
impulses, that is, a single impulse in each nerve fiber, evokes only the 
ordinary brief twitch of the nerve. Two successive volleys of impulses 
determine, besides the double-fused twitch, a slow secondary contraction 
by excitation of the slow contractile mechanism which is sensitive only 
to a summation of nervous impulses. Its height increases first with the 
interval of the two volleys (the two impulses in each nerve fiber), 
because the amplitude of each second impulse increases with the increase 
of its interval from the first (progressive recovery of the nerve fibers). 
This greater amplitude makes it a better stimulus for the slow contractile 
mechanism, which is activated in an increasing number of neuromuscular 
units. A succession of stimuli, however, when their intrinsic strength 
does not depend on their frequency, is always less effective when their 
interval increases. There must be a limit, then, to the increase of height 


28. I chose these terms in order to recall together the neuromuscular deter- 
minism and the slowness of the secondary contraction (especially in its decontrac- 
tion). The expression, “neuromuscular slow secondary contraction” would have 
been more exact, perhaps, but is not convenient. 

29. Bremer, F.: Compt. rend. Soc. de biol. 97:1179, 1927; 98:601, 607, 612 
and 1264, 1928. Bremer and Rylant: Ibid. 90:982, 1924. 
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of the secondary contraction with the increase of interval of the two 
stimuli. And after an optimal interval, this height must decrease, because 
summation of impulses fails in an increasing number of neuromuscular 
units. But of course, the summation *° of responses (tetanic fusion of 
the two twitches) does not fail at all, and the height of the fused brief 
twitch continues to increase with the interval of the two stimuli, while 
the slow contraction ceases to be evoked when the interval exceeds + 8 
sigmas (at ordinary temperature). As already pointed out, this fact 


shows clearly the independence of the determinisms of the brief and slow 
contractions. 


3.23.7 429 
6°14 9.4 


Fig. 13 A and B.—Lightly curarized sciatic nerve and gastrocnemius muscle 
(in situ) of two green frogs. Isotonic myograms of the twitches were recorded 
on an arrested drum. At this stage of curarization the single maximal breakshock 
on the nerve provoked no response of the muscle, but two such stimuli when 
adequately spaced gave a twitch through the mechanism of summation of impulses. 
Note the striking analogy of the law of summation, in this case, with the same law 
in the case of the neuromuscular contracture: the same least interval, coincident 
with the duration of the absolute refractory period, and the same optimal interval, 
in which the summation of impulses succeeds in the greatest number of neuro- 


muscular units. Single stimuli are indicated by points; double stimuli by their 
interval in sigma. 


30. As is well known, summation of responses (the muscular tetanus) and sum- 
mation of stimuli (or of impulses) are entirely different phenomena and it would 
be highly desirable to adopt two different designations for them in order to avoid 
confusion. 
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Fig. 14.—A shows that two maximal stimuli on the sciatic nerve of a brown 
frog gave only a trace of neuro-muscular contracture; B, that a rapid succession 
of + six stimuli gave a distinct contracture. D, E and F show the influence of 
the frequency of nervous tetanization on neuromuscular contracture. The fre- 
quencies were successively of eight, thirty and sixty breakshocks per second. 
C shows the neuromuscular tetanus of the gastrocnemius muscle of a green frog 
(isotonic) ; G, the neuromuscular tetanus of the gastrocnemius muscle of a brown 


frog showing strong neuromuscular contracture (figs. 15 A, B and C). Reduced 
one-half. 
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The neuromuscular contracture is then the answer of the muscle to 
an appropriate summation of nervous impulses. When a pair of such 
impulses is not sufficient to evoke a slow contraction, a greater series of 
them, adequately timed, may succeed (fig. 14). 

The necessity of such a summation of impulses to evoke a neuro- 
muscular contracture of the gastrocnemius muscle (or other muscles 
innervated by the sciatic nerve) of the brown frog or of the toad may be 
understood if one considers the facts in the light of recent neuro- 
physiologic knowledge. The secondary contraction is apparently the 


Fig. 15.—Elective fatigue of the neuromuscular contracture. - A shows that in 
a quick succession of double fused twitches at the optimal interval for neuro- 
muscular contracture the last twitch rapidly disappears and recovery is complete 
after a rest of two minutes. B and C show the less pronounced fatigability of 
neuromuscular contracture for a similar quick succession of twitches not followed 
by contracture; either single maximal (B) or double fused twitches (C) evoked 
by stimuli whose-interval is too great (15 sigmas) for neuromuscular contracture. 
G indicates the eleetiveaction of scopolamine (5 mg. given intravenously) on the 
neuromuscular contracture of a brown frog weighing 50 Gm. Double fused 
twitches at the optimal interval were recorded every two minutes. An injection of 
scopolamine was given at the point indicated by the arrow.’ Reduced one-fourth 
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manifestation of the activity of a slow contractile mechanism. Its regu- 
lar myogram, which lasts from three to four seconds and longer, recalls 
the slow “twitches” of smooth muscles. It is a general law, well dem- 
onstrated by Lapicque and his school,*' that slow contractile mechanisms 
are also slow in their excitability, in other words, have a great chronaxie. 
This means that in order to excite their contraction, electrical waves must 
have an appreciable minimal duration. 

As a matter of fact, in the skeletal muscles of amphibians, the exis- 
tence of a slow contractile mechanism and of its slow excitability is 
proved by their reaction to direct electrical stimulation. The gastrocne- 
mius muscle of the frog which responds to currents of brief duration, 
for example, to single break induction shocks, by a simple brief twitch,*? 
when directly stimulated with currents of an appréciable duration, shows 
marked contractions characterized by a greater or lesser prolongation in 


Fig. 17—The action of atropine (6 mg. of atropine sulphate intravenously ) 
on the contracture which follows the neuromuscular tetanus of the brown frog (a 
succession of tetani of five seconds from sixty breakshocks per second, separated 
by rests of five seconds). The’contracture which atropine prevents is neuromuscular 
contracture. The remaining contracture is true fatigue contracture. A shows the 
myogram of the right gastrocnemius muscle, before and after the injection of 
atropine. B, the myogram of the left gastrocnemius muscle, recorded five minutes 
after the injection. Normally, the intensity of the maximal post-tetanic contrac- 
ture of the homologous muscles of both sides is equal. Reduced three-fifths. 


contracture. Neither curare nor atropine modify this ability of direct 
contracture (fig. 18). 

I have verified the fact that the aptitude of amphibian muscles to 
neuromuscular contracture is strictly proportional to their tendency to 
contracture on direct electrical stimulation. The gastrocnemius muscle 
of green frogs, which in our experience has not exhibited neuromuscular 


31. Lapicque: L’Excitabilité en fonction du temps, Paris, 1926, p. 358. 
32. Biederman: Electrophysiologie, 1895, chapt. 2. 
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contracture, shows much less contracture from direct galvanic current 
than the muscles of the brown frogs and toads; and in the latter, the 
greater the aptitude is for neuromuscular contracture, the greater is it 
also for contracture evoked by direct adequate stimuli. In some cases, 
this aptitude for contracture was so marked that the contracture 
appeared isolatedly at the threshold strength of current, as a slow con- 
traction (fig. 18); I could determine, in a few experiments, the 
chronaxie of the slow contractile mechanism. As could be anticipated, 
[ found rather high values for it: + 35 sigmas at 16 C. in one experi- 
ment and + 70 sigmas at 11 C. in another as compared with the values 





Fig. 18—Galvanic contractures (galvanotonus) of the gastrocnemius muscle 
(in situ) of normal brown frogs. Direct stimulation of the muscle, either normal 
(A, B, D and E) or curarized (C) between two electrodes, one at its upper pole, 
the other at the tendon; f shows the closing; o, the opening of the current. Note 
that the closing ascending current (cathode proximal) causes much more contrac- 
ture (A, f) than the descending (B, f) which may even inhibit a preexisting con- 
tracture (C, D, f). The opening of the descending current may be contracturing 
(B, 0). D shows that the contracture (slow contraction) may already appear 
when the strength of the stimulating current is still below its threshold value for 
the ordinary brief twitch (2.1 volts). E indicates a succession of twitches from 
the same muscle in answer to galvanic currents all of double the threshold strength 
for contracture, which was 1.5 volts, but of varying durations. Contracture requires, 
for each definite intensity of the stimulus, a minimal duration, which is here the 
chronaxie of the slow contractile mechanism (2 75 sigmas at 11.5 C:). 
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of from 0.4 to 0.7 sigmas for the chronaxie of the ordinary quick 
mechanism in the same experiments (fig. 18£). 

Now, Lapicque and his pupils ** have shown that whenever there 
exists between a muscle, or more generally speaking a contractile mech- 
anism, and its motor nerve a marked difference of chronaxie, or a 
marked heterochronism, this contractile mechanism can be activated only 
by an adequate repetition (summation) of nerve impulses. The neces- 
sity for this summation finds its explanation in the assumption that nerve 
impulses, which are waves of electrical negativity, stimulate the muscle 
fibers directly, and when too brief to evoke an answer isolatedly, must 
be summated, exactly as in these cases brief electrical direct stimuli must 
be summated. 

This explanation of the determinism of neuromuscular contracture 
accounts very well for its pharmacologic properties, notably for its 
remarkable elective sensibility to atropine and scopolamine (figs. 15 G, 
16C and D; fig. 17D). For these alkaloids, being without effect on 
the contracture of the same muscles determined by direct electrical 
stimuli, act by an elective curarization of the neuromuscular transmission 
of the contracturing impulses. The possibility of their action being a 
specific parasympathetic paralysis is immediately excluded by the con- 
sideration that the contracting nerve fibers have the same refractory 
period as the ordinary motor nerve fibers (fig. 12 E and F) and are 
probably identical with the latter. Moreover, the hypothesis of a para- 
sympathetic innervation of the skeletal muscle fibers has been invalidated 
by Dale and Gasser.** But atropine has been called “the curare of slow 
muscles.” '' This general property of atropine and allied alkaloids is 
apparently the reason for their elective action on neuromuscular contrac- 
ture. It is interesting to see this electivity manifesting itself here, 
though the two contractile mechanisms are included in the same muscle, 
and probably in the same muscle fibers. 

Fatigue also has an elective curable effect on neuromuscular contrac- 
ture (fig. 15 4d, B and C). A remarkable fact is that a repetition of 
twitches followed by contracture (fig. 15.4) is more fatiguing than a 


similar repetition of twitches not followed by contracture (compare fig. 
15 A, with fig. 15 B and C). 


The action of curare on neuromuscular contracture is much less elec- 
tive than that of atropine and fatigue (fig. 16 A and B). Epinephrine 
is without any effect on it. 


Biologic and Physiopathologic Meaning of Neuromuscular Contrac- 
ture and the Contractile Duality of Skeletal Muscles.—In spite of its 


33. Lapicque (footnote 3). Chauchard: Compt. rend. Soc. de biol. 95:370. 
1927. 
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neuromuscular determinism, the slow contraction described cannot be, 
for many evident reasons, the physiologic substratum of reflex tonus. 
Let us recall only its necessary association with phasic contractions, its 
frequent prolongation in a long lasting contracture, its resistance to 
curare, its sensibility to atropine and its absence in green frogs. 

But neuromuscular contracture gives a clue to two interesting physio- 
pathologic phenomena. 


1. The curious contracture of brown frogs, described several years 
ago by Riesser and Simonson ** is a neuromuscular contracture evoked 
by a summation of nervous impulses reflexly emitted by the nerve cen- 
ters when in a state of toxic hyperactivity. The Riesser and Simonson 
contracture has all the myographic and pharmacologic properties of 
neuromuscular contracture. Contrary to the assumption of its discov- 
erers, it has then no relation to the decerebrate rigidity of mammals. 
2. In my experience, normal mammalian muscles do not exhibit 
neuromuscular contracture. Neither do the rigid muscles of patients 
with Parkinson’s disease. The rigidity is probably a reflex hypertonia 
(Walshe), and its sensibility to scopolamine may be explained by a 
central action of the drug. 

3ut the contracture which follows the voluntary contraction in 
Thomsen’s disease and other myotonic conditions, notably myopathies, 
has such analogies to the neuromuscular contracture of amphibians, that 
it is not adventurous, in spite of the zoological distance, to conclude that 
they are fundamentally identical: 1. Both contractures are evoked by 
a quick succession of nervous impulses. 2. Both are electively sensitive 
to fatigue. One knows that this elective fatigability of the myotonic 
contracture, which disappears after a few repetitions of the voluntary 
movement, allows the myotonic patients to live a nearly normal life. 
3. Both contractures are exaggerated by cold. 4. Myotonic muscles *° 
exhibit exactly the same aptitude to contracture on galvanic stimulation 
as the muscles of brown frogs and toads which show neuromuscular con- 
tracture, and the myograms of these galvanic contractures are strikingly 
similar. 5, The duality of chronaxies (a brief normal one and a very 
great one) which I have found in the muscles of amphibians exhibiting 
neuromuscular contracture recalls strikingly the chronaxial duality of 
the myotonic muscles, which has been described by Bourguignon.**- The 
values of the great chronaxies in both cases are of the same order. 
6. Exactly as in the muscles of amphibians, a minimal frequency of 
a succession of nervous impulses, or of brief electrical stimuli, is neces- 




















34. Riesser and Simpson: Arch. f. d. ges. Physiol. 202:221, 1924. Simonson 
and Engel: Ibid. 206:373, 1924. 


35. Huet and Bourguignon: Arch. d’électric méd., 1913, p. 366. 
36. Bourguignon: La chronaxie chez homme, Paris, Masson & Cie., 1923. 





1488 ARCHIVES OF SURGERY 


sary in order to evoke a contracture of myotonic muscles in human 
beings. It remains only to verify the fact, which I hope to do soon, 
that the electromyograms of the two phenomena are also analogous. 

The so-called myotonic contraction of Thomsen’s disease and other 
allied conditions is, then, most probably a neuromuscular contracture, 
evoked in abnormal muscles by a summation of voluntary nervous 
impulses normally emitted by the nerve centers, and it has no relation 
to the mechanism of muscle tone, no more than neuromuscular contrac- 
ture in amphibians. 

When exuberant, as it is often, neuromuscular contracture seems to 
be a disadvantage rather than of any functional use to frogs, as is cer- 
tainly the case in the patients with myotonia. But its rapid and elective 
fatigability and also the fact that the contractile tensions it develops are 
far from corresponding to the degrees of shortening it may cause iso- 
tonically,** must greatly limit this disadvantage. 

At any rate, the functional significance, if there is any, of the con- 
tractile duality of skeletal muscle is obscure. It may be that these 
properties of the smooth muscles of the normal skeletal muscles of 
amphibians, reptiles and birds, and of degenerated or diseased muscles 
of mammals are only a vestigial character, a remnant of their primitive 
condition, which is also recapitulated in the muscular ontogeny. In the 
different species of amphibians, and even in different stocks of the same 
species, the slow contractility, or aptitude to reversible contracture, is 
unequally developed. Besides it seems to regress during the phyloge- 
netic evolution of vertebrates. In mammals, it reappears only in patho- 
logic conditions of the muscles (wallerian degeneration, myopathy and 
Thomsen’s disease), all characterized histologically by a proliferation of 
the sarcoplasm and a multiplication of its nuclei.*® 

Besides the physiopathologic facts which it explains, the main inter- 
est for the physiologist in the contractile duality of skeletal muscles, and 
especially in neuromuscular contracture, seems to me that it gives new 
insight in the problem of neuromuscular transmission. The facts it has 
revealed, confirming my summation experiments on incompletely curar- 
ized neuromuscular preparations,” strongly support the Lapicque-Lillie 
hypothesis that the skeletal muscle fibers are directly excited by the action 
currents of the nerve fibers, which are probably identical with the nerve 
impulses themselves. 

RESUME 


1. Weak doses of curare have an elective effect on decerebrate rigid- 
ity and the reflex hypertonia of local tetanus. The complete or relative 
integrity of phasic contractility at this early stage of curarization char- 
acterized by muscular atonia is shown by the conservation of vigorous 


37. Bremer, F.: Unpublished experiments. 
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bulbar and spinal reflexes. It may be proved by the isotonic recording 
of the maximal neuromuscular twitch and by the isometric registration 
of the crossed extensor reflex of the cat. These myograms show the 
disappearance of the tonic shortening reaction when the contractile 
phasic tension, or height of the reflex plateau, is still unaffected. 

2. Normal (nonexaggerated) reflex tonus is less electively sensitive 
to curare. 

3. This elective effect of curare on tonus, and especially on hyper- 
tonias, may be explained by a Wedenski phenomenon: The possibility 
of the selective blocking of the tonic motor impulses at the curarized 
neuromuscular junction would be the consequence of their small ampli- 
tude, itself a corollary of their particularly high frequency. 

These experiments, while they tend to confirm the tetanic nature of 
the motor innervation of tonus, show that this innervation possesses in 
its especially high frequency a particularity which may explain its special 
sensitiveness to different, peripheral or central conditions. 

4. The tonus (decerebrate rigidity of cats) abolished at the early 
stage of curarization may be momentarily restored by the rapid intra- 
venous injection of an appropriate dose of epinephrine hydrochloride. 
The phenomenon is the expression of a true epinephrine-curare 
antagonism. 

5. The admission of the tetanic nature of tonic innervation does not 
in itself exclude the possibility of the existence of a contractile duality 
of the skeletal muscles of vertebrates. The slow secondary contraction 
described under the name of neuromuscular contracture affords new 
evidence of the existence of a slow contractile mechanism in the skeletal 
muscles of amphibians ; moreover, it shows the possibility of the activa- 
tion of this mechanism by nervous impulses. 

6. The determining condition of neuromuscular contracture is an 
appropriate summation of motor nervous impulses. 

7. The necessity for this summation is explained by the existence of 
a considerable heterochronism between the slow contractile mechanism 
and the ordinary motor fibers. 

8. This determinism explains the pharmacologic properties of neuro- 
muscular contracture, especially its elective sensibility to the alkaloids of 
the atropine group, and to fatigue. 

9, The normal functional significance, if there is any, of the contrac- 
tile duality of the muscles of amphibians (and also reptilians and 
avians),is obscure. It is not the physiologic substratum of reflex tonus. 

10. Neuromuscular contracture, however, explains the centrally con- 
ditioned contracture of brown frogs described by Riesser and Simonson. 
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It has also a striking similitude and is probably homologous to the con- 
tracture of Thomsen’s disease and other myotonic conditions (myopathy) 
in human beings. 


11. Neuromuscular contracture allows a quantitative study of the 
phenomenon of summation of impulses and therefore gives an insight 
into the mechanism of neuromuscular transmission. The results of this 
study support strongly the theory of the direct stimulation of the skeletal 
muscle fibers by the action currents of the nerve fibers. 


























DEPOSITION OF CALCIUM SALTS IN THE TENDON 
OF THE SUPRASPINATUS MUSCLE * ( 


MAXWELL HARBIN 





The admirable papers by Codman * published in the Boston Medical 
and Surgical Journal on subacromial bursitis have been responsible for 
a great increase both in interest and in knowledge of the common 
disabilities of the shoulder girdle. Codman differentiated calcification in 
the supraspinatus tendon from subacromial bursitis. A review of 
recent reports, however, indicates that this differentiation is but rarely 
made and thereby justifies an effort to distinguish further that par- 
ticular clinical disability which is dependent on a degenerative disease 
of the supraspinatus tendon, accompanied by the deposition of lime 
salts but not necessarily with inflammation within the subacromial bursa. 

During the early period of more accurate observations on subdeltoid, 
or better subacromial, bursitis, calcification of the tendon was frequently 
mistaken for a bursitis, due to the failure to recognize that the area of 
calcification (fig. 1) rested beneath the inferior wall of the bursa but 
outside the true shoulder joint. 

Prior to 1906 there is little of importance in the literature referable 
to this disturbance of the shoulder joint, which was often confused by 
such diagnoses as subacromial bursitis, arthritis, tear of the supra- 
spinatus tendon, dislocation of the long head of the biceps, fracture of 
the greater tuberosity of the humerus, or, because of the frequence of 
radiation of pain down the arm, a brachial neuritis. 

The most direct mention of a lesion of the supraspinatus tendon as 
a cause of disability of the shoulder was in a paper by Stevens.? It was 
his impression that either tears of the tendon or an inflammatory process 
accounted for the disturbance and, contrary to the present concept, he 


*From the Department of Surgery, the Lakeside Hospital and Western 
Reserve University School of Medicine, Cleveland. 

1. Codman, E. A.: On Stiff and Painful Joints; The Anatomy of the Sub- 
deltoid or Subacromial Bursa and Its Clinical Importance; Subdeltoid Bursitis, 
Boston M. & S. J. 154:613, 1906; Bursitis Subacromialis, or Peri-Arthritis of 
the Shoulder Joints (Subdeltoid Bursitis) 159:533, 1908; Complete Rupture of the 
Supraspinatus Tendon; Operative Treatment with Report of Two Successful 
Cases, ibid. 164:708, 1911; On Stiff and Painful Shoulders as Explaining Sub- 
acromial Bursitis and Partial Rupture of the Tendon of the Supraspinatus, ibid. 
165:115, 1911; Abduction of the Shoulder; An Interesting Observation in Con- 
nection with Subacromial Bursitis and Rupture of the Tendon of the Supra- 
spinatus, ibid. 166:890, 1912. 

2. Stevens, J. H.: The Action of the Short Rotators on the Normal Abduc- 
tion of the Arm, with a Consideration of Their Action in Some Cases of Sub- 
acromial Bursitis and Allied Conditions, Am. J. M. Sc. 138:870, 1909. 
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stated that there was absence of tenderness over the tendon. Previously, 
in 1906, Dawbarn* had described a point of tenderness just above 
the tuberosity of the humerus, which disappeared under the acromion 
on extreme abduction, a sign which is rather constant in calcification of 
the supraspinatus tendon. 

In 1907, under a consideration of subdeltoid bursitis, Painter * 
presented x-ray films of five cases, three of which showed definite 
shadows of increased density over the region of the supraspinatus ten- 
don, unquestionably calcification in the tendon, but described as a 
thickened bursa; the pathologist, however, reported granules in the 





Supraspinalus m 
Frequent site 
of occurrence of 
calcification 


Infraspinalus 











Fig. 1—Drawing to illustrate the musculotendinous insertions around the 
shoulder joint, indicating the usual area in which necrosis and calcification occur. 


fibrous tissue bordering voluntary muscle fibers. In this paper Painter 
advocated surgical removal in all cases in which the symptoms persisted 
over six months. 


This disability may be associated with a subacromial bursitis as will 
be demonstrated in two of the cases to be reported in this article, 
although it is my impression that it occurs alone more frequently. It 
would appear that there are two types of calcareous deposit which 
occur around the shoulder joint: one involving the tendon of the supra- 


3. Dawbarn, R. H. M.: Subdeltoid Bursitis: A Pathognomonic Sign for Its 
Recognition, Boston M. & S. J. 154:691, 1906. 


4. Painter, C. F.: Subdeltoid Bursitis, Boston M. & S. J. 156:345, 1907. 
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spinatus alone and the other involving the tendon and the entire sub- 
acromial bursa; the latter may occasionally contain only a sacculated 
deposit. 

In a series of five cases reported in this article the two cases with 
associated subacromial bursitis and calcification presented much more 
acute symptoms than those in which the tendon alone was involved, 
although it would seem that the patients are just as readily amenable to 
surgical treatment. 

In order for one to have a thorough understanding of this condition, 
mention should be made of the mechanics of the shoulder joint. It is 
a true ball and socket joint which embraces two sets of muscles; one 
connects the shoulder girdle with the trunk and the other the humerus 
with the shoulder girdle. The inner end of the clavicle articulates with 
the sternum and gives a bony support to the shoulder girdle at this 
point. The rest of the shoulder girdle, comprising the remainder of 
the clavicle and all of the scapula, and bearing the weight of the whole 
upper extremity, hangs from and is supported and moved by the muscles 
which pass from it to the vertebrae posteriorly, and to the skull, hyoid 
bone and ribs anteriorly. 

The upper extremity is an organ of prehension and not of support; 
the shoulder joint, which is the articulation which connects it with the 
trunk through the shoulder: girdle, is constructed with the idea in view 
of favoring and permitting motion and not of supporting weight or 
assisting force. The clavicle keeps the joint well out from the side 
of the body; hence, the neck of the humerus is short. The movements 
of the arm are so extensive and free that the tuberosities of the humerus 
do not need to be so large or set so far away from the articular surface 
as is the case with the femur and its trochanters. 

The ligaments of the joints are inelastic tissues; hence, those that 
enter into the construction of a movable joint must be loose, and the 
more movable a joint is, the more does its security depend not on its 
ligaments, but on its muscles. 

The muscles have a much more intimate relation to this joint than 
they have to any other, and this adds to the complexity of the situation. 
Certain muscles and their tendons pass across the capsule, in some cases 
blending with it, so that there is the closest relationship between the 
muscles, the tendons, the capsule and the ligaments. In close relation 
with the capsule and ligaments, and strengthening them, are the follow- 
ing tendinous structures: above, the supraspinatus; below, the long 
head of the triceps; behind, the infraspinatus and teres minor; and in 
front, the tendon of the subcapularis. 

In addition to this intimate relation between the tendons and capsular 
ligament, there are several important bursae in the immediate neighbor- 
hood of the joint. The subacromial bursa, between the under surface 
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of the deltoid muscle and the outer surface of the capsule, consists of 
two parts, a strictly subacromial portion and a subdeltoid. The base of 
the bursa is attached to the top of the tuberosity of the humerus and 
the tendinous expansion of the supraspinatus, and the subdeltoid por- 
tion of the bursa, which is movable in its periphery and by moving on 
itself allows the roof to slide in the base. The bursa is variable in size 
and somewhat over 6 cm. in diameter. Several other bursae exist 
around the shoulder joint, but since they do not bear on the present 
topic will not be discussed. 

The deltoid, assisted by the supraspinatus, raises the arm from the 
side. A consideration of the deltoid and supraspinatus will show that 
the first action of the deltoid in contracting must be to press the 
humerus up against the acromion and then to abduct, but that the 
supraspinatus muscle has only one function, that of abduction. Weak- 
ness in abduction, therefore, does not mean that it is necessarily caused 
by a disease of the deltoid, because soreness or pain in the region of 
the tendinous insertion of the supraspinatus will greatly limit abduction, 
and Duchenne * has reported a case of circumflex paralysis in which the 
supraspinatus alone was sufficient to produce abduction of the arm. 

Since the function of the rotators of the shoulder has been so 
thoroughly considered by Stevens,’ there is little need for recapitulation 
here. 

In those cases in which calcification of the supraspinatus tendon 
occurs, it is frequently observed that internal rotation and abduction is 
more painful than external rotation and abduction whether executed 
actively or passively. This is well illustrated in case 1 in which active 
abduction in internal rotation was limited to only 35 degrees, whereas 
with the arm in the position of external rotation, the arm could be 
carried through its complete range of abduction in a painless manner. 
An explanation for this phenomenon would seem to be that in the 
internally rotated position a greater portion of the surface of the supra- 
spinatus tendon must come into contact with the acromion or there is 
more pressure at this site in this particular position. Impingement of 
the tuberosity and tendon occurs between 35 and 50 degrees. The 
failure of the short rotators to perform their function properly may be 
a factor in the occurrence of this phenomenon in some cases. Stevens 
has admirably shown how these short rotators of the arm tend to 
prevent the upward thrust of the humerus caused by the contraction of 
the abductecr muscles. 


The etiology of this calcified deposit in the supraspinatus tendon 
is still largely conjectural ; various theories have been advanced, but none 


5. Duchenne, cited in Lovett, Robert W., and Jones, Robert: Orthopedic 
Surgery, New York, William Wood & Company, 1923. 
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has been proved. Inflammation, bacterial or toxic, trauma, either fre- 
quently repeated, such as may occur from ordinary abduction of the 
arm with impingement of the tendon against the acromion or by a direct 
blow on the prominence of the shoulder or a partial or complete tear of 
the tendon itself with resultant calcification, may act as an etiologic 
factor. The histories of these patients rarely suggest either of the latter 
two possibilities so that it would seem they might be excluded as the 
common cause. In the five cases reported in this article, there was no 
evidence to suggest tear of the tendon, and Carnatt,® in a most excellent 
consideration of this disturbance, gained the impression following 
fourteen operations that in none of his cases was it due to rupture of 
the tendon fibers. 

The blood supply to tendons is notoriously poor, and it is probable 
that frequently repeated mild trauma to the tendon may occur as a result 
of impingement of the tendon against the inferior surface of the 
acromion on abduction with resultant necrosis of tendon and calcification. 

Evidence of the rapidity with which calcification may occur is cited 

by Schujenioff* who has found lime salt deposited in muscle fibers 
thirty-six hours after suture of a divided muscle. Moschowitz * has 
advocated the theory of trauma as a cause; he cited three cases of 
3rickner’s ° in one of which the deposit was noted sixteen days after 
injury, a second at four months and a third at one and one-half years 
after injury; unfortunately, however, there is no concrete evidence to 
show that these deposits did not exist before trauma was inflicted. 

Following a searching history, in all of the cases reported in this 
article, severe trauma could not be elicited as a cause, except possibly in 
case 5, and even in this instance the patient gave a history of pain 
in the shoulder antedating the acute injury some two years so that the 
latter probably served only to accentuate a preexisting disturbance. In 
those cases in which the subacromial bursa contains the calcified material, 
one may easily gain the erroneous impression that staphylococcus pus 
has been encountered because the consistency and color is not unlike the 
latter, and to make it even more suggestive increased surface heat and 
fluctuation over the bursa were observed in case 5. 


6. Carnatt, J. B.: The Calcareous Deposits of So-Called Calcifying Sub- 
acromial Bursitis, Surg. Gynec. Obst. 41:404, 1925. 

7. Schujenioff, cited in Moschowitz, footnote 8. 

8. Moschowitz, E.: Histopathology of Calcification of the Spinatus Tendons 
as Associated with Subacromial Bursitis, Proc. New York Path. Soc. 18:1, 1915; 
Histopathology of Calcification of the Spinatus Tendons as Associated with 
Subacromial Bursitis, Am. J. M. Sc. 150:115, 1915. 

9. Brickner, W. M.: Prevalent Fallacies Concerning Subacromial Bursitis; 
Its Pathogenesic and Rational Operative Treatment, Am. J. M. Sc. 149:351, 1915; 
Pain in the Arm; Subdeltoid (Subacromial) Bursitis; A Further Study of Its 
Clinical Types, Pathology and Treatment, J. A. M. A. 69:1237 (Oct. 13) 1917. 
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While the associated involvement of the bursa and spinatus tendon 
has been considered unusual by those who have drawn conclusions from 
a larger series than this, one is forced to believe that it must not be 
uncommon since it occurred in two of this small series of five cases. 
Consequently it is wise to caution that when the bursa is filled with 
this material, completely or in part, the tendon also may be affected, 
and unless it is reckoned with, there is a probability that the patient 
will not gain complete relief. 

Although it is unusual, such a suspension of calcified material may 
be encountered in any bursa; in an unreported case the author observed 
both olecranon bursae and a bursa of one knee involved; dense shadows 
were noted in the roentgenogram, and biochemical analysis showed 
virtually the same composition as that described in case 5, and cultures 
of the material showed no growth. 


SYMPTOMS AND SIGNS 


The clinical manifestations of calcification of the supraspinatus 
tendon ordinarily are clearcut. The age incidence has been given little 
consideration in the literature; it is interesting to note that no cases 
occurring in children have been reported. The majority of the patients 
are between 35 and 40 years of age. The onset is usually gradual, and 
the patient rarely consults the physician early; pain in the region of the 
apex of the shoulder joint, occasionally radiating down the inner aspect 


of the arm, is frequently the first symptom. Later there is limitation of 
motion evidenced especially by inability to place the hand back of the 
head. Many patients complain of tenderness over the shoulder and 
state they are unable to lie on the affected part; at times even the 
pressure of an overcoat is uncomfortable. A few of the patients dis- 
covered that by outwardly rotating the arm they can abduct it without 
pain. Case 1 was one of this group; the patient had volunteered 
this information to several physicians whom he had consulted, and 
because of it one orthopedic surgeon had made a diagnosis of relaxation 
of the capsule of the shoulder joint. 

An ache in the region of the joint is common and frequently prompts 
a diagnosis of arthritis. Many patients have had teeth extracted and 
tonsils removed without relief, while others have had their shoulders 
manipulated under anesthesia by overzealous surgeons who believed they 
could overcome nature’s protective phenomenon. 

Stiffness is not an uncommon complaint and, when combined with 
pain of an aching character which may be worse during damp weather, 
is easily confused with arthritis. Fever is rarely ever present, and the 
leukocyte count is usually normal. The contour of the shoulder joint 
shows little change; atrophy of the muscles occurs to a limited degree 
in the more severe cases, and when the bursa is filled with the calcium 
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suspension, fulness at the apex of the shoulder may be observed 
together with fluctuation; tenderness over the entire bursa may be 
present. In the uncomplicated case when calcification of the tendon 
alone exists, tenderness is well limited to a point just below the 
acromial process. Abduction of the arm is limited to a varying degree, 
and there is usually less pain on abduction in external than internal 
rotation. Contracture of the inferior portion of the capsule rarely 
occurs unless there is a superimposed periarthritis which is the excep- 
tion rather than the rule. 











Especial emphasis should be placed on the proper roentgenologic 
technic. During the early days of the treatment of patients with this 
disturbance, as well as too often at the present time, failure to make a 
diagnosis has resulted from lack of placing the tube at a proper angle 
to avoid overlapping of shadows. The patient should lie with the arm 
outwardly rotated, and the x-ray tube placed over the base of the neck 
and directed outward and downward. The neglect of this technic is 
well shown in figure 6 which was inserted largely to emphasize this 
point. 

Calcification in the supraspinatus tendon may occur without symp- 
toms, although I have never encountered it; Carnatt,® however, has 
cited several instances. 
























TREATMENT 





The management of these patients is largely dependent on whether 
the condition is chronic or acute. Obviously, when the calcified material 
is present without causing symptoms, there is little need for treatment 
and this group need not be considered. 

Patients in the chronic group run a self-limited course, and occa- 
sionally the condition clears up without treatment. Heat may allay the 
pain to a degree. While diathermia has been advocated, and certain 
proponents of its use claim excellent results, as yet no observations made 
during a follow-up of cases in which the patients were treated in this 
manner have been published to justify the claims. My limited experi- 
ence with it has given the impression that no more can be accomplished 
by the use of diathermia than by the heat obtained from an ordinary 
electric baker. Massage following the application of heat is helpful, 
but passive motion and attempts to overcome the muscle resistance is 
unphysiologic and distinctly harmful since it merely results in increasing 
the irritability of the part. Active abduction and external rotation is 
helpful toward overcoming adhesions and can best be carried out by 
having the patient bend the trunk forward dropping the arms over 
the head in an attempt to touch the floor with the palms forward. 

The conservative treatment in the acute cases seems to me unwise, 
although if insisted on should be carried out by supporting the arm on a 
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splint in the maximum position of abduction and outward rotation in 
which the arm can be placed without production of pain. During this 
period cold applications are usually more comfortable than heat. Since 
the operative treatment is so simple, offers so little danger and promises 
complete relief in practically 90 per cent of the cases, one should have 
little hesitancy in urging it in all cases in which the condition has per- 
sisted over a period of months without relief by the more conservative 
measures. 

The operation itself is relatively simple, and in my practice has been 
carried out under gas-oxygen-ether anesthesia with the patient resting 
on the uninvolved side. A linear incision about 12 cm. is made from 
just above the acromial process downward, the arm resting in external 
rotation. The deltoid is split in the direction of its fibers; the roof of the 
bursa is incised and explored. When there is a concurrent bursitis or 
deposition of the calcific material in the bursa, the wall of this structure 
is excised. The area of necrosis and calcification can be seen readily, 
resting just proximal to the greater tuberosity of the humerus. It is 
advisable to excise this area by sharp dissection through the surrounding 
normal tendon. Often it is impossible to approximate the tendon edges ; 
neither this denuded surface nor the excision of the bursa seems to 
prevent a complete return of function in the shoulder joint. The 
bleeding is usually easily controlled. The deltoid muscle is sutured 
with plain catgut no. 0, the fascia with interrupted chromic catgut no. 0 
and the skin with interrupted silk. A plaster spica of the shoulder is 
then applied with the arm in external rotation; with one exception the 
patients in the cases here reported have tolerated this position well. 
This case had definite periarthritis of the shoulder with contracture of 
the capsule, and. the operation itself. was perhaps ill advised. The 
plaster spica is removed at the expiration of ten days and baking, 
gentle massage and active motion are begun. 

The majority of these patients experience immediate relief following 
operation. This is particularly true of those cases in which only the 
spinatus tendon is involved. The return of function in case 5 unques- 
tionably was delayed by a superimposed traumatic arthritis; however, 
after a period of four months function was normal and painless. 


REPORT OF CASES 


Case 1.—History.—A white man, aged 42, a stationary engineer, was admitted 
to the Lakeside Hospital on June 19, 1925, with the complaint of pain, stiffness 
and locking of the right shoulder. It was first noted one year before when, on 
using the shoulder, the part felt weak and ached when the arm was abducted. 
There was no history of trauma. The patient soon found it impossible to raise the 
arm above the level of the shoulder. He discovered, however, that by a certain 
manipulation of the joint it was possible to raise his arm above his head. The 
manipulation seemed to consist in rotating the arm outward before abducting, car- 
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rying the arm upward in an outwardly rotating position. In spite of physiotherapy, 
pain and disability became worse. He had had three abscessed teeth extracted, 
and in January, 1925, removal of the tonsils was carried out in the hope of relieving 
the pain in the shoulder. His general health had always been excellent, and his 
history otherwise was unessential. 

Examination.—On examination he appeared to be a healthy, well developed man 
whose general examination was unimportant. There was some atrophy of the right 
shoulder girdle with a point of tenderness just lateral to the acromial process. 
Passive abduction of the arm adduced pain in the neighborhood of the subacromial 
bursa. Active abduction could be carried to 45 degrees but with considerable pain. 
Following rotation of the arm outwardly the patient was able voluntarily to carry 
the arm over the head. There was no periarticular thickening and no fixation at 
the shoulder joint. The roentgenogram (fig. 2) of the shoulder showed an area 





Fig. 2 (case 1).—Diffuse deposition of lime salts proximal to greater tuberosity 
of humerus. 


of increased density about 0.5 cm. in diameter mesial and just above the greater 
tuberosity of the humerus. It was considered to rest in the substance of the supra- 


spinatus tendon. The urine was normal; the white blood cells numbered 8,500; the 
hemoglobin content was 90. 


Treatment and Course——With the patient under general anesthesia, a linear 
incision 5 inches (12.7 cm.) in length was made from just above the acromial 
process downward, exposing the deltoid muscle which was split in the direction of 
its fibers. The subacromial bursa showed no thickening of the walls. There were 
a few adhesions in the superior portion. When the arm was adducted an area of 
necrosed tissue was seen at a point just above the tuberosity of the humerus, which 
was infiltrated with whitish, gritty material apparently containing lime salts. This 
area was about 1.5 cm. in diameter. This rested in the substance of the supra- 
spinatus tendon. It was completely excised. The free tendon edges could not be 
sutured. The deltoid muscle was approximated with interrupted sutures of plain 
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catgut no. 0, the fascia with interrupted sutures of chromic catgut no. 0 and ihe 
skin with silk. The arm was put up in a plaster spica in 90 degrees abduction and 
75 degrees outward rotation. 

Pathologic Report—The specimen consisted of a small mass of densely fibrous 
tissue which on palpation was found to contain irregular patchy areas of stony 
consistency. The material was cut with great difficulty; there was a considerable 
amount of hard granular material throughout. One end of the specimen showed 
what appeared to be a few strands of muscle interspersed with the fibrous con- 
nective tissue. 

The tissue was made up for the most part of dense fibrous connective tissue 
showing extensive hyalinization, and in one of the sections there were a number 
of bundles of striate muscle. These bundles were separated from one another by 
dense fibrous connective tissue trabeculae. In the purely fibrous portion of the 
specimen two types of nuclei were seen. The nuclei were predominantly elongated 
and spindle-shaped, but in several areas they were round and situated in large 
cells with distinct cell outlines which were distributed in small groups of two or 
three. It was in the vicinity of these groups of cartilage cells that the granular 
calcific depositions were seen. 

The maximum postoperative rise of temperature occurred on the second day, 
reaching 38 C. (100 F.), with a gradual return to normal. The plaster splint and 
the sutures were removed on the eighth postoperative day. The wound had healed 
nicely. Physiotherapy was begun. The patient was discharged from the hospital 
on June 30, 1925. 

A follow-up note from the patient one month after discharge stated that he 
had a complete return of function in the right arm, had assumed his regular work 
and had noted no pain since operation. A letter from the patient in June, 1926, 
stated “I haven’t an ache or pain in my shoulder or arm and would not know I 
ever had except for the scar.” Examination a few months later showed normal 
function of the shoulder joint. 


This perhaps is one of the most typical cases. The patient had the 
experience of losing both teeth and tonsils under the impression that 
the pain in the shoulder was of arthritic origin and because of the 
discovery that by voluntary manipulation of the shoulder into outward 
rotation the part could be abducted painlessly, he had been advised that 
the joint capsule was relaxed. The roentgenogram (fig. 2) showed 
a diffuse shadow, and the bursa itself was essentially normal. At the 
end of one month there was complete return of function, and he had 
resumed his former occupation, following a period of one year’s 
disability. 

Case 2.—History—A Croatian, a steel worker, aged 38, was admitted to the 
Lakeside Hospital on Jan. 18, 1926, with the complaint of pain in the right 
shoulder which had been present for-about two and one-half years. The onset 
was rather insidious and associated with no trauma. The pain was of an aching 
character and had grown progressively worse with occasional exacerbations of 
sharp pain on abduction, several times radiating down the volar aspect of the 
forearm. He had noted the pain was worse on active abduction of the arm as 
contrasted with passive motion. The disability reached a point where it was 
impossible at the time of entrance to place the hand back of the head. It also kept 
him awake at night, particularly if he lay on the right shoulder, and in the morn- 
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ings on getting up he was unable to make a fist with the right hand. He had had 
physiotherapy for a period of several weeks without relief. The patient felt the 
sensation of “something catching in his shoulder joint” on forced abduction. He 
had been coming to the dispensary since the onset of his illness, and a roentgeno- 


gram taken in 1924 showed what was considered calcification in the subacromial 
bursa. 


Examination.—The examination showed a well developed white man and was 
unimportant except for the local disturbance which presented moderate atrophy of 
the shoulder girdle with a point of tenderness just below the acromial process ” 

















Fig. 3 (case 2).—Discrete shadow of lime salt in supraspinatus tendon easily 
confused with fracture of the greater tuberosity of the humerus. 


which disappeared on abduction. Active abduction of the arm was possible to 
90 degrees, but there was considerable pain in the shoulder on attempting to carry 
the arm past this point. Backward and internal rotation produced considerable 
pain. There was no swelling or redness over the joint. The roentgenogram 
(fig. 3) showed a shadow of increased density about 0.5 cm. in diameter lying 
above and just medial to the greater tuberosity. The urine on three examinations 
was normal. The white blood cells numbered 7,000; the hemoglobin was 90. 


10, Dawbarn’s sign. 
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Treatment and Course—With the patient resting on the left side and under 
general anesthesia, following the usual preparation of the skin, a linear incision 
was made over the apex of the shoulder and was carried through the skin and 
deltoid fascia. The fibers of the deltoid were separated, exposing the roof of the 
subdeltoid bursa. This portion of the bursal wall appeared to be normal. There 
was an area of necrosis in the region of the supraspinatus tendon which contained 
a few drops of creamy material which looked not unlike staphylococcus pus. Cul- 
tures were taken as well as smears. The cultures were negative. The smears 
showed no organisms. The deposit was about 2 cm. in diameter. It was dissected 
completely from the bed. The bursal wall was sutured with interrupted silk, and 
interrupted silk was used to approximate the fascia of the deltoid and the skin. 
The arm was placed in a plaster spica in a position of 90 degrees abduction and 
70 degrees outward rotation. The patient made a normal postoperative con- 
valescence; the maximum temperature was 38 C. (100 F.). The sutures and 
plaster splint were removed at the end of one week, and physiotherapy was begun. 
The patient was discharged from the hospital on Jan. 31, 1926, to be seen later in 
the follow-up clinic. 

Pathologic Report—The pathologic observations were essentially identical with 
those reported in case 1. 

In April, 1926, the patient still complained of some pain in the shoulder on 
doing hard work, although for ordinary purposes it caused him no trouble. In 
June, 1927, examination of the shoulder demonstrated normal function without 
discomfort, although the patient still complained of some stiffness of the fingers in 
the mornings. 


This patient presented very much the same picture as that in case 1 
except for a period of two and one-half years during which he had 


had pain in the shoulder ; the shadow in the roentgenogram (fig. 3) was 
more discrete and might easily have been mistaken for a fracture of the 
tuberosity of the humerus. Return of function was somewhat more 
prolonged, and discomfort did not entirely disappear until seventeen 
months after operation. 


Case 3.—History—A white married man, aged 55, a salesman, was admitted 
to the Lakeside Hospital on July 28, 1927, with the complaint of pain in the right 
shoulder. About twelve years before, the diagnosis of diabetes had been made, and 
the patient had been on a rather restricted diet since that time. One year before, 
without any apparent injury he suddenly began to note pain over the region of the 
right shoulder which was aggravated by exercise. This pain was sharp in char- 
acter and radiated to the lateral elbow. He gained temporary relief by heat during 
the early days following the onset. Eight months before admission, he wore a 
sling for several weeks with some relief but noted during this time increase in 
stiffness. Diathermia was tried for a few weeks without relief. Recently, he had 
consulted an osteopath and had been seen by an orthopedic surgeon. The latter 
had advised an ether manipulation of the shoulder. The pain had been worse 
before admission. 

The past history was unimportant except for the diabetic disturbance. An occa- 
sional urinalysis had shown 0.5 per cent of sugar. During the past forty years he 
had had some aching in the legs with changes in the weather. 

Examination—Examination showed a well developed man. There was con- 
siderable pigmentation of the right arm and shoulder, the result of exposure to the 
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ultraviolet lamp, with slight atrophy of the shoulder girdle. There was consider- 
able pain to pressure just below the acromial process. Abduction of the shoulder 
was painful beyond 30 degrees with complete limitation beyond this point. External 
rotation was restricted to 40 degrees, and internal rotation was limited to 25 
degrees. Scapular abduction was limited to 45 degrees. Abduction and internal 
rotation of the arm produced a greater amount of pain than abduction and external 
rotation. A roentgenogram (fig. 4) of the shoulder showed an area of increased 
density just above the tuberosity of the humerus which suggested calcification of 
the supraspinatus process. The blood pressure was systolic 135 and diastolic 90. 














Fig. 4 (case 3).—Diffuse calcification in the musculotendinous portion of the 
supraspinatus tendon. 


The blood sugar was 11.7 per cent. The urine showed 0.7 per cent sugar but was 
otherwise normal. The white blood cells numbered 7,900. In view of the fact 
that the patient was diabetic, it was deemed wise to explore the supraspinatus 
tendon under anesthesia with procaine hydrochloride. 


Treatment and Course—With the patient lying on the left side, the skin was 
prepared in the usual manner, and a linear incision 5 inches (12.7 cm.) in length 
was made over the apex of the shoulder from the acromial process downward. 
The roof of the bursa on incision showed the sac to be obliterated. The walls 
were definitely thickened and hyperemic so that the supraspinatus tendon did not 
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possess its u3sual whitish appearance. During a search for about one hour it was 
impossible to identify the suspected deposition of lime salt. In view of this 
negative observation a small incision was made into the capsule of the shoulder, 
and the joint was explored. No loose body could be found. A section of the 
supraspinatus tendon was removed at a point where the x-ray picture suggested 
there was a deposition of calcified material. This tendon showed definite fatty 
degeneration in the tendon but no granules. The small opening in the capsule was 
closed with interrupted sutures of chromic catgut no. 0. The supraspinatus tendon 
was sutured with the same material. A portion of the wall of the subacromial 
bursa was excised. The fascia was sutured with interrupted sutures of chromic 
catgut no. 1, and silk sutures were used in the skin. Because of the resistance of 
the arm to abduction with the local anesthesia, gas-oxygen was administered with 
entire relaxation. It was impossible to abduct the arm beyond 80 degrees due 
apparently to contracture of the inferior capsule as well as of the pectoralis muscle. 
The arm was placed in abduction on an airplane splint, and the patient was sent to 
the ward in good condition. 

Pathologic Report—The specimen consisted of a small irregular fragment of 
muscle and tendon. There was no evidence of calcification, nor was any abnor- 
mality noted on microscopic examination. 

The patient made a rather uncomfortable convalescence during the first three 
or four days after operation. Physiotherapy was begun at the end of one week. 
Roentgenograms were taken following the operation and showed partial disap- 
pearance of the shadow previously seen in the supraspinatus tendon. The patient 
was discharged on Aug. 7, 1927, to continue with physiotherapy. 

On Oct. 13, 1927, the patient stated that he had returned to his work, that he 
was able to drive his car and that it was also possible for him to place the right 
hand behind the head. Previous to the operation he had been unable to do either 
one. There was a range of 45 degrees abduction free of the scapula with a limita- 
tion of 35 degrees to internal and external rotation. The limitation of motion 
seemed to be due to contraction of the capsule and pectoralis muscle; one could 
not be sure about the subscapularis. He still complained of some stiffness of the 
shoulder on getting up in the morning. It would seem that periarthritis played a 
great part in the production of his disability as well as the thickened bursa. It 
is unfortunate that the bursa was not completely removed. The operation as 
performed probably accomplished little. 


Nowhere in the literature has any one suggested any relationship 
between the relation of calcification of the spinatus tendon and diabetes, 
and the occurrence in this patient is probably only coincidental. The 
pain had persisted for one year prior to the patient’s entry to this hos- 
pital, although he had suffered with aching in various joints during 
atmospheric changes for forty years. The roentgenogram (fig. 4) 
showed a definite shadow in the region of the supraspinatus tendon, 
although at operation no necrosis or calcification could be found follow- 
ing a thorough search which included exploration of the joint itself. 
The bursal sac was definitely thickened and hyperemic but unfortunately 
was not excised. Contracture of the inferior capsule of the joint 
complicated the picture. The patient made a rather uncomfortable 
convalescence, but at the expiration of three months he was able to 
return to his work with much less pain and definitely improved function. 
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A postoperative roentgenogram at three weeks showed a diminution 
in the area of calcification, although the pathologist failed to find calcific 
material in the sections. 


Case 4—History—A white man, aged 42, a laborer, was admitted to the 
Lakeside Hospital on April 17, 1928, with the complaint of pain in the left 
shoulder. He stated that seven years before he first noted an aching pain in the 
region of the left shoulder. This pain steadily grew worse until it became sharp 
in character ; it was localized to the region of the subacromial bursa and occasion- 
ally radiated down the outer arm to the elbow. He had noted increasing stiffness 
up to the time of admission. Two years before, because of the severity of the 
pain, several hypodermic injections of morphine had been given. Four teeth were 














Fig. 5 (case 4).—The subacromial bursa distended with calcium salts in sus- 
pension beneath which is a second shadow representing deposition of lime salts in 
the tendon of the supraspinatus muscle. 


extracted at that time without producing relief. The pain had usually been worse 
during the evening and also definitely worse with changes in the weather. One 
week before the patient was admitted to the hospital the pain had become so severe 
that he was forced to give up his work as a street laborer. The past history was 
relatively unimportant, except for a mass descending occasionally into the left 
scrotum which he had always been able to reduce. 

Examination—Examination showed a well developed laborer. He had con- 
siderable dental caries; there were several crowned teeth. There was an impulse 
in the left inguinal ring on coughing. The left shoulder girdle showed moderate 
atrophy with an area of fulness and increased surface heat over the region of the 
subacromial bursa. It was fluctuant in character and tender on deep pressure. 
The arm could not be abducted beyond 45 degrees without the production of 
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considerable pain. Inward rotation and abduction was distinctly more painful 
than outward rotation and abduction. The roentgenograms (figs. 5 and 6) of 
the shoulder showed an area of increased density conforming to the subacromial 
bursa, with a second shadow of irregular density below the former shadow and 
in the neighborhood of the supraspinatus tendon. Roentgenograms of the teeth 
showed one alveolar abscess. The urine was normal. The white blood cells 
numbered 10,900. The Wassermann reaction was negative. 


Treatment and Course——With the patient resting on the left side and under 
general anesthesia a linear incision 5 inches (12.7 cm.) in length was made from 

















Fig. 6 (case 4) —Roentgenogram made at the same time as figure 4, illustrating 
failure.to show shadows in the bursa and tendon due to improper roentgenologic 
technic. 


the region of the acromial process downward. The deltoid was split in the direc- 
tion of its fibers exposing the roof of the bursa. This appeared to be thickened 
and fluctuant, and on incision a thick, white, nontenacious fluid came away under 
some pressure. Two swabs of material were sent for examination, and cultures 
showed no growth in forty-eight hours; a smear showed no organisms or cells. 
Unfortunately none of the fluid was collected for biochemical study. The bursal 
wall throughout was thickened and hyperemic and bled considerably. It was 
completely excised. On inspecting the supraspinatus tendon there was an area 
of necrosis 5 by 10 mm. in diameter. This was fibrillated and contained many 
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soft granules. Complete excision was carried out. The true joint was not 
entered. It was impossible to approximate the supraspinatus tendon. The deltoid 
muscle and fascia were closed with interrupted sutures of chromic catgut no. 1, 
the subcutaneous tissues with plain catgut no. 00 and the skin with silk. A small 
rubber tissue drain was placed in the wound for forty-eight hours. The shoulder 
was placed in a plaster spica in 90 degrees abduction and 75 degrees external 
rotation. The patient made a normal postoperative convalescence. The maximum 
temperature occurred on the second postoperative day, 38.2 C. (100.7 F.). The 
splint and sutures were removed on the eighth day, and physiotherapy was begun. 

Pathologic Report—The specimen consisted of several varying sized fragments 
of dense fibrous connective tissue which were cut with great difficulty; distributed 
throughout the specimens were small, irregular collections of what appeared to 
be a soapy, granular, white material. In the vicinity of these deposits the tissue 
was particularly dense and elastic. 

There was extensive hyalinization of the fibrous connective tissue, and in many 
areas small groups of cartilage cells were seen to be distributed throughout the 
hyaline matrix. In this hyaline matrix there were large areas occupied by a dark 
blue staining homogeneous material which resembled mucoid degeneration of 
cartilage rather than calcification. This process appeared to have replaced large 
areas of the tissue rather than to have infiltrated it. In no place did it have the 
fine granular appearance of beginning calcium deposition in cartilage. 

Two weeks following the operation on the shoulder, a herniorrhaphy was also 
carried out, and the patient was discharged on May 16 to continue with treatment 
in the physiotherapy department. 

On Aug. 4, 1928, the patient reported to the dispensary and stated that he had 
returned to his former work and that he experienced no pain in the shoulder. 
There was a normal range of painless motion in all directions. The result was 
excellent. 


This case instances a long period of pain in the region of the shoulder 
dating seven years with exacerbations of acute pain necessitating the 
administration of a narcotic for relief. He also had had teeth extracted 
without improvement. There was fluctuation over the bursa with 
increased surface heat, and the roentgenogram (fig. 5) showed the 
bursa injected with an opaque material and a secondary shadow of 
increased density in the region of the tendon. The calcific material 
in the bursa was not unlike staphylocoecus pus in appearance. A 
roentgenogram (fig. 6) taken with the arm internally rotated and the 
tube placed above the shoulder illustrates how the picture can be con- 
fused and instances a possible fallacy that these deposits may make a 
sudden disappearance. There was immediate relief following opera- 
tion and an early return of function, although the repair of a hernia 
delayed the patient’s return to work. 


Case 5.—History—A married white woman, aged 34 years, was admitted to 
the Lakeside Hospital on May 18, 1928, with the complaint of pain in the right 
shoulder. The immediate reason for entry to the hospital was the result of an 
automobile accident three weeks before. The car turned completely over; the 
patient attempted to break the fall by holding to the door with her right hand. For 
two days following the accident she was not troubled severely, but after this 
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motion in the right shoulder became so painful that the arm could not be used. 
She had suffered, however, with pain in this shoulder for about two years, first 
noted by “locking” at times when she attempted to raise the arm; motion was 
stopped by pain. She described the pain as like a clamp, and at certain times she 
found it impossible to put the hand behind her head. She could not lie on the 
affected shoulder. During all this period she had had no treatment. Two days 
following the automobile accident she noted swelling and tenderness over the 
shoulder. The former subsided after about one week, but the pain and tenderness 
persisted. 














Fig. 7 (case 5).—Diffuse deposition of lime salts in supraspinatus tendon. 


Examination.—Examination revealed a well developed woman, whose general 
examination was rather unimportant. There was slight thickening over the 
superior portion of the shoulder with some tenderness to pressure below the 
acromial process. Abduction was limited to 5 degrees; with scapular motion, 
abduction could not be carried beyond 60 degrees. External rotation was limited 
to 20 degrees. On the dorsum of the right wrist there was a fluctuant swelling 
about 2 cm. in diameter, obviously a so-called ganglion. The urine on three 
examinations was normal; the white blood cells numbered 7,400; the hemoglobin 
content was 90. Stereoscopic films (fig. 7) of the right shoulder showed an area 
of calcification in the neighborhood of the supraspinatus tendon located just above 
the greater tuberosity. It was considered that the calcification had probably 
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existed in the supraspinatus tendon for some time previous to the automobile acci- 
dent, but that the accident had probably superimposed a subacromial bursitis on 
the previous disturbance in the tendon. 


Treatment and Course—Under general anesthesia with the patient resting on 
the left side the ganglion was excised through a 2 inch (5.08 cm.) incision. A 
second linear incision about 5 inches (12.7 cm.) in length was then made over the 
apex of the shoulder, and carried down to the deltoid muscle which was split in 
the direction of its fibers, exposing the roof of the bursa which was somewhat 
hyperemic. On incision into the bursa it was found partially obliterated with 
several small organized hematomas. Just proximal to the insertion of the supra- 
spinatus tendon was an area of yellowish, granular material with necrosis of the 
tendon. In a small pocket on the inferior mesial aspect of the bursa were a few 
drops of yellowish, thick, pasty material. The bursal wall was excised as well 
as an area about 8 mm. in diameter from the supraspinatus tendon. The tendon 
was sutured with interrupted sutures of chromic catgut no. 0, the deltoid muscle 
ind fascia with interrupted sutures of chromic catgut no. 0 and silk was used in 
the skin. The shoulder was put up in a plaster spica at 90 degrees abduction and 
utward rotation. Cultures from the bursa showed .no growth in seventy-two 
ours. 

Pathologic Report—The observations were essentially identical with those 
escribed in case 4. 

The patient made a normal postoperative convalescence. The maximum rise of 
emperature occurred on the third day, reaching 38 C. (100 F.). She was some- 
vhat more uncomfortable than most of the patients and complained frequently of 
me pain in the shoulder joint. The splint and sutures were removed on the 
\inth postoperative day. The wound was clean and firmly healed. Physiotherapy 
was begun. 

The patient was discharged on June 11, 1928, to continue physiotherapy. She 
lid not regain motion so rapidly as usual, and on June 25 was readmitted to the 
.ospital for manipulation under a general anesthesia. At this time definite adhe- 
ions could be felt to tear free. The arm was kept in abduction for several days 
ind physiotherapy was resumed. 

Unquestionably, the delay in recovery of this patient was the result of the 
i1utomobile accident which was undoubtedly superimposed on the previously calcified 
supraspinatus tendon. 

On Sept. 21, 1928, function in the shoulder had returned to normal with only 
slight aching during damp weather. 


Here again the patient had suffered from pain in the shoulder for a 
period of two years and was driven to the hospital by an acute exacer- 
bation following the trauma due to an automobile accident three weeks 
before entry. There was marked limitation of motion at the shoulder 
and the roentgenogram (fig. 7) presented a diffuse dense shadow over 
the region of the tendon. The bursa was partially obliterated, hyperemic 
with a few scattered sacculated areas of calcific suspension. The bursa, 
as well as the necrosed tendon (fig. 8), was excised. It is of interest to 
note the considerable variety of earthy substances which exist in the 
necrosed tendon. Inorganic phosphates were present to a considerable 
degree. Calcium was easily discernible with a trace of calcium, iron, 
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Fig. 8 (case 5)—Photomicrograph illustrating extensive hyalinization of 
fibrous tissue with groups of cartilage cells distributed throughout hyaline matrix. 
Calcium containing material is shown in the upper left portion. 
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carbonates and chlorides. The specimen was composed of tough, white 
fibrous substance covered in certain areas by a cream-colored cheesy 
substance. A few gritlike particles were found in the cheesy material. 
Some hardened blood was present. Analysis of tissue removed from 
the supraspinatus tendon showed the following: 


Chisheaterol : . . 5 bic. dsc chu cb eeuet. 


RE... oon So Sas Fee A Teh cat 





(after extraction with ether, a white chalky substance remained) 


MN as oic cis ss nk eR Sawa Ne eek hie a ae enres po Dheee Fc a 
Millons ..... ibis: sh or a gcdas Bid od ke Rites ON Ube aaa as + 
Peete Cale oo. bs cacti s Cora eo i he SS ee enee slight 


Extracted with Warm Diluted Nitric Acid 
Repweniinc -SOSRIIOR. 0-5 5 6c5 beige linen etaldes Cecwet considerable 
CNS. ac Se Sea SS 





Extracted with Warm Diluted Hydrochloric Acid 


CHMOD sins cis vg ads ovce Maen sacletathagese cts oeeet present 
BRINE so oe vs hgh ES A Boe oe och oo He ee trace 
BE peaks so clk o-0:0 see ORS ETN CRU ne baie a goede trace 
en ero” Pe eee | in YM as we te. trace 


Sulphates ...... ek ee 





The white fibrous substance was apparently dense fibrous connective 
ssue. The yellow cheesy substance was composed of fat, protein and 
fair amount of calcium phosphate. 

The return of function was somewhat slow but was complete at 
‘bout three months. There is some doubt as to the wisdom of excision 
{ the bursa when it is involved with the tendon; this point has not 
been given sufficient study, although with the present knowledge excision 
is probably advisable. 


CONCLUSION 





A degenerative disease of the musculotendinous portion of the 
supraspinatus tendon with deposition of lime salt is considered. The fact 
that this may occur in conjunction with a subacromial bursa impregnated 
with the same salts as are seen in the tendon is also emphasized. The 
etiology has never been definitely established, inflammation, bacterial or 
toxic, or trauma have been suggested. In none of the five cases reported 
in this paper could external injury be considered as a cause; frequently 
repeated mild trauma to the tendon occurring as a result of impinge- 
ment of the tendon against the inferior surface of the acromion seemed 
most probable. 
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The anatomy and mechanics of the shoulder joint are briefly related. 
The clinical course and treatment are outlined, and five cases are 
reported in detail. Emphasis is placed on the concomitant incidence of 
involvement of the spinatus tendon and bursa. When the bursa is 
affected, a thorough exploration of the tendon for deposit of lime salt 
should be instituted and both the bursa and diseased tendinous portion 
excised. 


The good results of surgical treatment in cases uncomplicated by 
arthritis are demonstrated. 
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INTRODUCTION AND CLASSIFICATION 


















Disagreement and controversy regarding the etiology, classification 
nd diagnosis of malignant tumors of the lymph nodes make their study 
subject of interest and importance. My aim in this paper is to present 
linical data and basic facts gained from a study of forty-one patients 
ersonally observed at the Steiner Clinic from 1924 to 1928, inclusive. 
nly those cases in which the diagnosis was proved by biopsy or necropsy 
ave been considered, although twenty others in which a probable diag- 
osis of malignant lymphoma was made were observed during the same 
eriod. 

Numerous classifications have added to the complexities of the sub- 
ect and to the difficulties of the clinician and the pathologist. For this 
eason, only the frequently occurring types will be discussed. Certain 
ransitional forms occur which add to the difficulties of accurate group- 
ng, and for this reason some pathologists class all such tumors under 
he broad term lymphoblastoma, believing that all are but manifestations 
\f the same process. However, it is thought that the patients concerned 
in this study present definite clinical and pathologic pictures by which 
they can be accurately classified. Anatomic classification, depending on 
the histogenesis, as advocated by Ewing, seems the simplest and most 
logical since a lack of knowledge precludes classification according to 
the etiologic factors. Table 1 shows the tumors here studied classified 
according to Ewing: 

For the sake of simplicity, the two types of leukemia are considered 
singly, as are Hodgkin’s disease and Hodgkin’s sarcoma. For the same 
reason, large-cell lymphosarcoma (reticulum cell sarcoma) ’and 
malignant lymphocytoma are grouped clinically as lymphosarcoma. 











*From the Department of Surgery, Steiner Clinic, Atlanta, Ga. 
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The neoplastic growths of lymphoid tissue which will be considered 
are: (1) lymphatic and myelogenous leukemia; (2) Hodgkin’s disease ; 
(3) lymphosarcoma, and (4) endothelioma. 


LEUKEMIA 


Of all the diseases of the blood-forming organs or of the lymph 
nodes, leukemia presents the most striking picture because in it the 
blood is flooded with a large number of abnormal cells, which differ- 
entiate it from other similar neoplasms. The type of cell which pre- 
dominates is of more importance than the number of the cells present, 
and on this depends the classification of the disease. Thus, in 
myelogenous leukemia, the myelocyte makes up from 15 to 70 per cent 
of the leukocytes, while in acute lymphatic leukemia the large immature 
lymphocyte is the predominating cell. In the chronic type of lymphatic 
leukemia, the small lymphocytes are most abundant. 

From tables 2 and 3 it would appear that the myelogenous form 
occurred with about the same frequency as the lymphatic variety. As 


TaBLe 1.—Classification of Tumors 


Origin Anatomie Type Clinical Type 


Lymphocytes Lymphocytoma Lymphatic leukemia 


Malignant lymphocytoma 
Reticulum cells Large round cell hyperplasia Hodgkin’s sarcoma 


Myelogenous leukemia 
Granuloma malignum 
Large cell lymphosarcoma 


Endothelial cells Endothelial hyperplasia Endothelioma 


has been noted in other studies, it occurs more frequently in males in 
the ratio of 2:1. It would be supposed that leukemia would occur 
more frequently in early youth when blood-forming organs were active, 
but in this series the average age is about 40, and in three patients the 
disease began after 50 and in one at 70 years of age. The age of the 
patient is therefore of little if any value in differentiating leukemia 
from other enlargements of the lymph nodes. 


Pathology—The nodes are enlarged and fused by an inflammatory 
reaction. While they may reach considerable size, it is not common to 
see the large masses that are found in Hodgkin’s disease and in lympho- 
sarcoma. There is an obliteration of the normal structure, which is 
replaced by a diffuse growth of lymphoid cells, the large type pre- 
dominating in the acute cases and the small cells in the chronic cases. 
In myelogenous leukemia the normal structure of the lymph nodes as 
well as the spleen is replaced by cells of the myelocytic series. Sec- 
ondary deposits in the liver and kidney are found chiefly in the capil- 
laries, and there is no actual destruction of tissue except by compression 


and atrophy. In the bone marrow, there is a widespread overgrowth 
of hyperplastic cells. 
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Myelogenous Type.—The myelogenous type of leukemia is usually 
gradual and insidious in onset. The first symptoms noted are a pro- 
gressive loss of weight and strength or abdominal pain from enlarge- 
ment of the spleen. Later, the nodes in the neck and groin enlarge, and 
a marked anemia is noted. Occasionally there is hemorrhage from the 
nose, gums or kidneys, but this symptom occurred in only two cases of 
this series. 
The disease rarely runs an extremely acute course in which hemor- 
rhages are extensive. An example of this type follows: 
Case 2286.—A man, aged 21, entered the Steiner Clinic on July 7, 1928, com- 
laining of pain in the back and frequent attacks of profuse bleeding from the 





TaBLe 2.—Myelogenous Leukemia 





















En- Red White Duration 
ase larged Hemor- Blood Blood Myelo- of Life 
‘o. Sex Age Complaint Spleen rhage Cells Cells eytes After Onset 
33 =F 60 Weakness oe — 3,500,000 192,000 12% 28 mo. 

10 M 45 Weakness + - 3,000,000 279,000 40% 18 mo. 
6 M 31 Abdominal! pain + ~ 4,000,000 312,000 17% 10 mo.+ 
is F 39 Loss of weight - _ 4,000,000 222,000 61% 36 mo. 

9 F 43 Abdominal mass - _ 3,000,000 128,000 36% 50 mo. 
3 06CUM 21 Abdominal pain — + 4,000,000 146,000 40% 2mo. 

9 F 36 Loss of weight 6 . 3,000,000 848,000 40% 24 mo.+ 





Loss of weight + 2,500,000 240,000 35% 16 mo, 


TABLE 3.—Acute Lymphatic Leukemia and Chronic Lymphatic Leukemia 





Acute Lymphatie Leukemia . 
First Red White Duration 









se Enlarged Nodes Blood Blood Lympho- of Life 
Sex Age Complaint Spleen Involved Ceils Cells eytes After Onset 

7 M 48 Enlarged nodes ‘ Inguinal 4,000,000 24,000 52% large 4mo. 

9 M 3g Enlarged nodes 4+ Inguinal 3,000,000 47,000 94% large 16 mo. 

ao Sore throat — Cervical 3,000,000 82,000 93% large 2mo. 










Chronie Lymphatic Leukemia 








2 M 583 Enlarged nodes + Cervical 4,000,000 27,000 80% small 24 mo.+ 

6 M 45 Indigestion a Abdominal 3,500,000 275,000 70% small 48 mo.+ 
z2 M 7 Enlarged nodes : Cervical 3,000,000 12,000 80% small 12 mo.+ 
ee a Enlarged nodes ' Cervical 3,000,000 31,000 


90% small 3 mo. 



















se of one month’s duration. Nothing abnormal was noted on physical examina- 
tion, except a pronounced anemia. Examination of the blood showed 3,000,000 red 
hlood cells and 146,000 leukocytes, 40 per cent of which were myelocytes. Roentgen 
reatment to the spleen reduced the leukocyte count to 48,000, but the anemia 
increased and the red count fell to 2,000,000. The patient grew rapidly weaker, 
and died six weeks after entrance to the clinic. 









The usual course of myelogenous leukemia is more chronic than 
that in the foregoing case. Of the eight cases studied the average 
duration of life after the onset of the disease was twenty-four months, 
and one patient lived four years. Two patients are living; one ten 
months and another twenty-four months after the first symptoms. 

The leukocyte count in the eight cases ranged from 128,000 to 
848,000, 12 to 61 per cent of which were myelocytes. The patient with 
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the highest leukocyte count is still living two years after the onset, 
whereas the patient with the acute type, who lived only two months, 
had a count of 146,000. This would lead to the belief that a high 
leukocyte count is not evidence of a bad prognosis but is probably an 
indication of chronicity. The percentage of myelocytes seems to have 
little bearing on the prognosis, although in the patient living two years 
the percentage was 61. 

As in other malignant diseases, the age of the patient seems to have 
a direct bearing on the prognosis, for the older the patient the more 
chronic is the course of the disease. 

Acute Lymphatic Type—As in myelogenous leukemia, the course 
of the lymphatic variety is extremely variable, not only in the rapidity 
of the disease but in the structures involved and in the character and 
number of the leukocytes. 

In the acute form the symptoms are intense from the start and are 
usually initiated with fever, weakness, rapid prostration and hemor- 
rhages. Usually one chain of lymph nodes is found enlarged with the 
onset of symptoms, and this enlargement rapidly spreads to other loca- 
tions, and frequently to all lymphatic tissue. As a rule the spleen is 
enlarged but not to the size seen in myelogenous leukemia. Ulceration 
with hemorrhage occurs in the mouth and throughout the gastro- 
intestinal tract, and hemorrhage of the retina is frequent. 

There is usually an extensive but variable increase in the leuko- 


cytes circulating in the blood, together with a marked and progressive 
anemia. The large undifferentiated lymphocytes constitute from 60 to 
99 per cent of the total white cells, but may vary both in number and 
in form during the course of the disease. This type is well illustrated 
by the following case: 


Case 3702.—A boy, aged 10 years, entered the Steiner Clinic on Oct. 19, 1928, 
because of a swelling in the left side of the neck (fig. 1). The first symptom was 
painful deglutition of six weeks’ standing, and examination showed the left tonsil 
to be enlarged and ulcerated. The blood at that time showed 3,900,000 red blood 
cells and 12,000 white blood cells, of which 55 per cent were neutrophils, 24 per 
cent small lymphocytes and 8 per cent large lymphocytes. Organisms of Vincent’s 
angina were found in the throat; the patient had been treated for this for two 
weeks before entrance to the clinic. During this time his general condition grew 
rapidly worse; he lost weight and strength, and enlargement of the lymph nodes 
was noted in the left axilla. Roentgen therapy was given to the left side of the 
neck on Nov. 2, 1928, and four days later the white blood cells numbered 22,000, of 
which 44 per cent were atypical lymphoblasts with some myelocytes. The treat- 
ment by irradiation apparently did not cause any improvement, for the patient 
grew rapidly weaker. On Nov. 11, 1928, the white cells numbered 82,000, of 
which 93 per cent were large lymphocytes. The following day the patient died, 
and the tonsil and nodes of the neck were examined. Both were made up of 
diffuse mass of large rounded cells which were hypetchromatic and consisted 
chiefly of nuclei with little cytoplasm. 
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From the microscopic section and the final blood picture this case 
was classed as acute lymphatic leukemia, although in the beginning the 
blood count was normal and later myelocytes appeared in the blood. 
It is cited as an example of the degree in which the blood picture may 
change and is an example of the variability of the proportion of lympho- 
cytes. As has been stated, the diagnosis depends not so much on the 
number of lymphocytes as on their form. 


Chronic Lymphatic Type—The chronic type is differentiated from 
the acute in that the symptoms are less severe, the course more pro- 
longed, and the lymphocytes circulating in the blood are smaller. The 
mset is gradual, and the first complaint is usually the discovery of 














Fig. 1—Acute lymphatic leukemia. The only evidence of the disease was in 
the left tonsil and in the left cervical nodes. Roentgen therapy did not cause 
improvement and was possibly harmful. 


enlarged painless nodes. Any group of nodes may be the first to 
enlarge, but usually other chains are involved and the spleen and liver 
gradually increase in size. Embolic lymphocytic infiltrations appear in 
various parts of the body, and the skin, brain and even the heart muscle 
may be affected. 

The disease runs a chronic course, and the nodes continue to enlarge 
but may be reduced by roentgen treatments. Of the four patients 
studied in this series one is alive one year after the onset, one, two years 
and one, four years. The fourth patient died three months after the 
onset, but the condition was complicated by pregnancy which probably 
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affected the course of the process. .This patient was placed in the 
chronic lymphatic group because of the blood picture. 


It is on the changes in the blood that the diagnosis is established. 
There is present from the start a moderate anemia which is progressive. 
The lymphocytes are small and may be greatly increased in number. 


Prognosis and Therapy.—The prognosis in all types of leukemia is 
generally bad, but in the chronic forms life may be prolonged for a 
number of years. From a study of these patients, it is felt that the 
prognosis is definitely influenced by roentgen therapy. In the 
myelogenous type, irradiation was given to the spleen, long bones and 
the enlarged lymph nodes. The dosage was dependent on the response 
in leukocyte and red blood cell count. In the lymphatic types, the 
enlarged nodes were treated. While control cases in which treatment 
was not given were not followed, it is believed that in the chronic 


varieties life was prolonged and that definite improvement in symptoms 
was produced. 


In the acute cases, response to irradiation is rapid but usually 
unfavorable. While the leukocyte count may drop rapidly the anemia 
is likewise greatly accentuated, and it is believed that death is hastened. 
If such treatment is to be instituted, it should be given carefully and in 


small dosage to determine the response before more active irradiation 
is given. 


Improvement in clinical symptoms after treatment is noted by a gain 
in weight and strength. The appetite increases, and the spleen, which 
causes the pain on account of its enlargement, is reduced in size. 
Improvement, however, is usually transitory, and a return of unfavor- 
able symptoms occurs. This return can usually be favorably affected 
by repeated treatments, but as a rule the time comes when resistance to 
irradiation supervenes and treatment loses its effect. 


A complete blood count should be made before each treatment, 
since a fall in leukocyte count is the best indication to the response to 
therapy. At the same time, the anemia may be increased if too vigor- 
ous irradiation is carried out. Likewise, a too rapid decrease in the 
white count is accompanied by weakness, and the treatments should be 
regulated to prevent this sudden change. In fact, it has been frequently 
noticed that the most favorable response in the symptoms is obtained 


when the count is reduced to about one fourth of the maximum 
number of cells.’ 


1. The same technic for deep roentgen therapy was used in all cases of this 
series, except for the factors of time and size of the port of entry. The voltage 
was 200 kilovolts. The skin target distance was 50 cm., and the filter used was 
0.5 mm. of copper and 1 mm. of aluminum. The skin dosage with these factors 
and a port of 10 by 10 cm. was seventy minutes. 
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HODGKIN’S DISEASE 


Only those cases in which the typical microscopic picture of Hodg- 
kin’s disease as described below was present have been classed under 
this heading. Indefinite forms of lymphoid hyperplasia, so-called 
pseudoleukemia and atypical tuberculosis have been discarded. Those 
patients running the typical clinical course of Hodgkin’s disease, but 
in whom the pathologic diagnosis was questionable, have been likewise 
excluded. This has been done in order to attempt to draw conclusions 
from unquestionable cases. Since the etiology is unknown, this anatomic 
diagnosis seems the only logical means of classification. 


Fig. 2.—Hodgkin’s disease. Microscopic section in average case, showing 
lymphocytes, reticulum cells, endothelial cells and giant cells. Moderate fibrosis. 


Pathology—The nodes are moderately or markedly enlarged, and 
while they may appear to be fused during life, the capsules are not 
invaded and are actually slightly separated. Early in the disease, cross- 
section of the nodes shows a semitranslucent surface with small areas 
of necrosis. Later, small hemorrhages appear, and the structure 
becomes darker in color. Marked fibrosis occurs late in the disease but 
is usually present to some extent from the beginning. 

The microscopic picture varies considerably, and in the atypical 
cases, which are numerous, the diagnosis is not easily made. The struc- 
ture consists of varying amounts of lymphocytes, endothelial cells, 
eosinophils and endothelial giant cells. The presence of eosinophils is 
of importance in establishing the diagnosis. The reticulum is fine at 
first but gradually thickens (fig. 2). 


si ttt) 
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Clinical Course—No definite clinical course can be outlined since 
the progress of the disease in different persons does not present any 
uniformity. This fact alone makes the diagnosis uncertain unless 
biopsy is done. 

There may be itching or eczema of the skin, with progressive weak- 
ness, but as a rule the first symptom is the enlargement of a chain of 
cervical, inguinal or axillary lymph nodes or dyspnea from bronchial 
occlusion by mediastinal nodes. Other nodes are involved later, and 
frequently the spleen enlarges. The blood shows a moderate secondary 
anemia, and the white count is usually normal except for a slight 
eosinophilia or slight lymphocytosis. As the disease progresses the 
anemia becomes pronounced; pressure symptoms on the trachea, 
esophagus or large vessels appear, and the patient becomes more and 
more cachectic. Death results from cachexia, terminal pneumonia or 


TaBLeE 4.—Hodgkin’s Disease 


Duration 
En- First Red White Medias- Response of Life 
larged Nodes Blood Blood Eosino- tinal to After 
Complaint Spleen Involved Cells Cells phils Nodes Therapy Onset 
Loss of Axillary a débitae Soltd Ce - None 8 mo. 
weight 
Dyspnea Cervical oenetoie ‘abe » : Tempo- 24 mo. 
rary 
Dysphagia Tonsil 3,500,000 5,000 = None 24 mo. 
Inguinal + Inguinal 4,500,000 8,000 — Slight 7 mo. 
nodes 
Weakness Cervical 4,000,000 7,000 y - Slight 18 mo. 
Cervical Cervical 4,000,000 4,000 0% : Tempo- 37 mo. 
nodes rary 
Cervical Cervieal 3,500,000 12,000 - Good 40 mo.+ 
nodes 
Abdominal] Inguinal 2,500,000 28,000 l None 18 mo. 
mass 


from pressure on vital structures. A rise in temperature, which is fre- 
quently intermittent, is common. 

A study of table 4 shows that of the eight cases studied, five occurred 
in males and three in females. The youngest patient was 9 years old 
and the oldest 70. Contrary to the usual observation the disease appears 


most frequently in adult life, for with the exception of the 9 year old 
patient the average age was 50. 


The cervical nodes are usually the first involved, but occasionally 
involvement of the axillary or inguinal nodes is first noticed. 
Mediastinal involvement usually occurs during the course of the disease 
and in three cases of this series was noted early (fig. 3). In four cases 
there was a definite eosinophilia, an observation which is constant 
enough to be of diagnostic importance. 


, 


An enlarged spleen appeared in only one case, a condition which 
may help differentiate Hodgkin’s disease from the leukemias, since in 
the latter splenomegaly is noted in about half the cases. 
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Numerous clinical types occur which have been grouped by Ewing 
as follows: (1) acute cases, (2) chronic generalized, (3) splenic 
Hodgkin’s disease, (4) gastro-intestinal, (5) mediastinal, (6) 
abdominal, (7) Mikulicz’s disease, (8) bone marrow lesions and (9) 
dermal lesions. This clinical classification is self-explanatory, being 
based on early or extensive involvement of particular organs or regions 
of the body. 


Prognosis and Therapy.—Seven of the eight patients studied are 
lead, the average life after onset being nineteen months. One patient 
died four months after the onset, and one lived thirty-seven months. 
ne patient is still living after forty months. 














Fig. 3—Hodgkin’s disease, showing marked enlargement of the mediastinal 
odes without evidence of the disease in the lungs. 


In all, roentgen therapy was given to the involved nodes. Whether 
life was prolonged by this treatment is impossible to say, but in every 
instance there was a temporary regression in the size of the nodes and 
corresponding improvement in the general condition of the patient. It 
is believed, however, that the prognosis depends largely on the type of 
the process, for in the acute cases the duration of life is only a few 
months in spite of regression of the nodes following treatment. In 
spite of this pessimistic view, one cannot help believing that this treat- 
ment was of value in the following case: 


Case 2594.—A girl, aged 9, entered the Steiner Clinic on Oct. 10, 1927. For 
two years her mother had noticed an enlargement in the left side of the neck 
which recently had greatly increased in size (fig. 44). On examination, a chain 
of greatly enlarged nodes was found in the left side of the neck, extending from 
the ear to the clavicle. There were a few slightly enlarged nodes in the right side 
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of the neck, but no others were abnormal. The spleen was not palpable, and the 
x-ray picture of the chest was normal. Biopsy showed the typical picture of 
Hodgkin's disease. 

From October, 1927, to August, 1928, both sides of the neck were irradiated. 
There was a slow but steady decrease in the size of the tumors until the nodes 
were reduced to practically normal size (fig. 48). During this time, she gained 
rapidly in weight and strength. 

In September, 1928, a large node was discovered in each axilla, and these areas 
have since been treated with favorable response. 


LYMPHOSARCOMA 





Lymphosarcoma is a true malignant neoplasm which arises in 
lymphatic tissue, in either the nodes or other adenoid tissue. It is 














L 


Fig. 4 (case 2594) —A, Hodgkin’s disease, showing marked enlargement of the 
cervical lymph nodes. B, same patient one year after treatment. 






















usually limited to this tissue, and extensions occur by way of the 
lymphatics, but true metastases to distant organs may occur. Starting 
in one chain, it spreads to others, or may be so rapid in its course that 
death occurs while the disease remains local. 

The acute cases are characterized by their rapid invasive character 
which gives rise to necrosis and ulceration and result in early death. 
More often the process is widespread and more chronic. In this type 
frequently the only complaint was the presence of enlarged nodes, which 
persisted for several years before the fatal issue. 

Pathology.—Gross examination of the affected node or chain shows 
the outline of the individual nodes, but there is'a fusion caused by 
capsular invasion, rarely due to inflammatory reaction. The nodes are 
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soft and seem to bulge when bisected. Firm or hard nodes are not to 
be expected, as definite fibrosis is lacking except in long standing cases. 
Histologically, there is an obliteration of the usual architecture by a 
diffuse growth of lymphoid cells, either of small round cells (lympho- 
cytes) or of larger round cells, derived from the reticulum cells. 
Giant cells are absent, but frequently there may be numerous multinu- 
cleated cells. Mitoses are frequent. The metastases show the iden- 
tical structure, although a secondary inflammatory reaction may be 
marked (fig. 5). 

Clinical Course.—Clinical types are grouped according to the point 
of origin as (1) cervical, (2) mediastinal, (3) gastro-intestinal and (4) 
pharyngeal. 


Fig. 5.—Lymphosarcoma, showing diffuse cellular structure composed chiefly of 
large round cells (reticulum cell type). 


Table 5 shows that fifteen patients of the forty-one studied were 
classed as having lymphosarcoma. Thirteen of these were males. It 
is essentially a disease of youth, the average age being 33. Eight 
patients were under 30, and of these, four were under 14. 

In eleven the cervical region was first involved, but in most there 
was a spread to other regions. The spleen was enlarged in four 
instances, and metastases to distant organs were observed only twice. 


As in Hodgkin’s disease and leukemia, fever was frequently present. 
A leukocytosis ranging between 12,000 and 20,000 was constant enough 
to be of some diagnostic value. This leukocytic increase was largely 
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in polymorphonuclear neutrophils, and in only one instance was an 
abnormal number of eosinophils found. In most instances there was a 


moderate anemia, but many patients were robust and cachexia appeared 
late in the disease. 


The clinical types are well illustrated by the following cases: 


Acute Generalised Type Without Metastasis. 


Case 2651.—A boy, aged 5 years, had his tonsils removed on Aug. 11, 1927. 
Two weeks later, an enlarged node was noticed in the left side of the neck. 
Within a month after the tonsillectomy, there was a marked enlargement of the 
nodes in the neck, axillae and inguinal and epitrochlear regions (fig. 6). The 
tumors in the neck were so large that breathing and swallowing were difficult. By 
Oct. 1, 1927, there was ulceration over the swelling in the neck, and the tumors 
were red and tender. The temperature ranged from 100 to 104 F., and the pulse 
was rapid and irregular. The white blood cells numbered 19,000, of which 84 


Taste 5.—Lymphosarcoma 


Re- Duration 
En- First Red White Medias- sponse of Life 
larged Nodes Blood Blood tinal to After 
Sex Age Complaint Spleen Involved Cells Cells Nodes Therapy Onset 


M Enlarged nodes — Cervical 4,000,000 14,000 Good 36mo.+ 
M Weakness aa Inguinal 3,000,000 24,000 Slight 12mo. 
M Vomiting —- Mesenteric 2,000, 18,000 None 4mo. 
Enlarged nodes _ Cervical 4,000,000 21,000 4 Good 5O mo.- 
Enlarged nodes - Cervical BOCES IONE Good 70mo. 
Enlarged nodes Cervical somtegal i cables Good 18 mo. 
Enlarged nodes _- Cervical Kuuse naa. wtchaie - Slight 10mo. 
Skin tumors - Axillary : 6,000 None 6mo. 
Enlarged nodes - Inguinal RS ta. Sein Good 10 mo. 
Enlarged nodes Cervical { 12,000 Slight 26mo. 
Enlarged nodes a Cervical 19,000 + None 3 mo. 
Enlarged nodes + Cervical 7,000 Good 18 mo. 
Enlarged nodes - Cervical 13,000 + Good 5 mo. 
Enlarged nodes Cervical 5 12,000 — Slight 24 mo. 
Enlarged nodes - Cervical 5 15,000 Good 70 mo.-+ 
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M 
F 
M 
M 
M 
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M 
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per cent were polymorphonuclear neutrophils. Roentgen therapy to the neck did 

not cause regression in the size of the nodes, and the patient died, Nov. 3, 1927, 

from tracheal occlusion. At necropsy the mediastinal nodes were greatly enlarged 

and matted together. The retroperitoneal nodes were likewise the seat of the 

disease, but there were no metastases found in the lungs, kidneys, liver or any 

distant organ. The lymphatic tissue of the gastro-intestinal tract was not affected. 
Intestinal Lymphosarcoma with Metastases. 


Case 1855.—A boy, aged 6 years, was well and healthy until December, 1924, 
when he developed intussusception of the ileum, which was reduced at operation. 
This appeared entirely successful until December, 1926, when he again developed 
intestinal obstruction. Operation was again performed and a segment of the lower 
ileum, which was obstructed by a growth, was resected. This growth was limited 
to the lumen of the intestine and metastases were not noted at operation. Micro- 
scopic section showed lymphosarcoma. The patient recovered from the operation 
but did not regain his weight and strength. Within a month the abdomen became 
distended with fluid, and a firm, nodular mass filled the right lower portion. 
Roentgen treatments to the abdomen caused no diminution in the size of the tumor. 
The fluid in the abdomen increased, and death occurred in February, 1927. 
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Fig. 6 (case 2651).—Acute lymphosarcoma. This patient did not respond to 
treatment and died two months after the onset of the disease. 

















Fig. 7 (case 2881).—Localized lymphosarcoma. Under roentgen therapy, the 
nodes entirely disappeared. The patient was alive and well five years after the 
onset of the disease. 
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At necropsy the abdominal mass was found to be made up of enlarged mesenteric 
nodes and of a tumor of the lower ileum. Small nodules of lymphosarcoma were 
found in the liver, spleen and the mediastinal and superficial lymph nodes. 

Localized Chronic Lymphosarcoma. 

Case 2881.—A man, aged 22, first examined in January, 1928, was in robust 
health except for the presence of a chain of firm hard nodes in the right side of 
his neck. ‘These nodes were first noticed five years previously and were removed 
by operation. A recurrence developed after operation, and the nodes gradually 


enlarged to their present size (fig. 7). A section from one of these showed it to 
be reticulum cell lymphosarcoma. 


Three roentgen treatments were given the right side of the neck, with complete 
and rapid regression in the size of the nodes. In December, 1928, eleven months 


after treatment, a small recurrence was noted, and treatment is again being 
instituted. 


Fig. 8—Endothelioma of lymph node, showing diffuse infiltration and oblitera- 
tion of lymphoid structures by large endothelial cells. 


Prognosis and Therapy.—From the three cases just cited, it is seen 
that the duration of the disease is extremely variable. The patients, 
except in the acute or terminal stages, do not appear sick, and life may 
be prolonged for many years. Of the fifteen patients studied, seven 
are living, two six years after the onset of symptoms. This feature is 
in sharp contrast with the cases of leukemia and Hodgkin’s disease in 
which the duration of life is much shorter and in which the patients 
appear sick from the onset of the illness. 


Response to roentgen therapy is usually rapid both in regression in 
the size of the nodes and in the improvement of the health. So notable 
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is this that the response is of diagnostic value, since in other malignant 
diseases of the lymph nodes the improvement is slower and less marked. 
However, irradiation is only palliative, and the growths invariably recur. 
Recurrences respond less favorably to irradiation and finally reach a 
stage of radioresistance. 

ENDOTHELIOMA 













Primary endothelioma occurred in only three cases of this series. 
Two of these involved many nodes, metastasized to the lungs and were 
rapidly fatal. In the other patient, the disease has remained localized 
in the neck for five years and has responded rapidly and favorably to 
treatment. These cases represent the two clinical types of tise disease ; 
namely, the systemic and the localized. In both the outcome is eventu- 
lly fatal, but in the latter the patient may remain in good health for 
several years. 

Pathology.—This type of tumor was first described as a “primary 
‘arcinoma of the lymph nodes.” There is frequently great difficulty 
n differentiating endothelioma from a metastatic tumor of epithelial 





TABLE 6.—Endothelioma of Lymph Nodes 








First Red White Lung Duration 









ise Nodes Blood Blood Metas- Response to After 
o. Sex Age Complaint Involved Cells Cells tases Therapy Onset 
is M 61 Enlarged nodes Cervical 4,000,000 5,600 ad Temporary 20 mo. 
5 F 50 Enlarged nodes Cervical 4,700, 6,700 oe None 12 mo. 
2 M 17 4, 


Enlarged nodes Cervical 700,000 10,000 — Good 5 yr.+ 























rigin, and unless a definite primary tumor at some other point can be 
bsolutely ruled out, a diagnosis of endothelioma can be made only 
vith a certain amount of reserve. There is a uniform enlargement of 
he node, which is rather firm but not hard until late in the disease. 
‘apsular invasion is not usual but is to be expected in recurring tumors. 
Cross-section shows an opaque surface with scattered areas of necrosis. 
Histologically, the typical picture is that of large, diffuse sheets of fairly 
arge round cells, which appear first in the sinuses. The cells show a 
large vesicular and hyperchromatic nucleus with small, usually multiple, 
nucleoli. In differentiating between primary endothelioma and meta- 
static epithelial tumor, one must study the individual characters of the 
cells, the epithelial cell showing a slightly granular cytoplasm, a well 
marked nucleus, and a definitely rather large acidophil nucleolus. The 
lymphatic structure of the node gradually disappears as the growth of 
endothelial cells progresses, and fibrosis and necrosis occur later (fig. 8). 


Clinical Course—Clinically there is little to differentiate endo- 
thelioma from other malignant diseases of the lymph nodes. It may 
occur at any period of life, and the systemic form is usually regarded 
as Hodgkin’s disease on account of the rapidity of the growth, the loss 
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of weight and strength and the widespread involvement. The blood 
count is usually normal, and there is no eosinophilia. Metastases to the 
lungs may be confused with secondary carcinoma (fig. 9). The local- 
ized form is usually found in robust young males, and the chronicity of 
the condition simulates certain types of lymphosarcoma. These two 
diseases respond so similarly to therapy that the diagnosis is established 
only by microscopic section. 
The following cases illustrate the two varieties: 


Systemic Endothelioma of Lymph Nodes. 


Case 1278.—A man, aged 61, noticed a small swelling in his neck in June, 1925. 
This grew steadily for one year, at which time he entered the Steiner Clinic. 
There was a hard, firm mass 4 cm. in diameter in the right supraclavicular region. 
He had lost steadily in weight and strength and had recently begun to cough. His 





: 














Fig. 9—Endothelioma of lymph nodes, showing metastasis to the lung. 


temperature, pulse and blood count were normal. Biopsy of the involved node 
showed it to be an endothelioma. A roentgenogram of the chest showed widespread 
metastases in both lungs. Roentgen therapy to the neck caused some diminution 
in the size of the node, but the general condition grew rapidly worse, and the 
patient died from terminal pneumonia in February, 1927. 


Localized Endothelioma of Lymph Node. 


Case 1732.—A boy, aged 17, was first examined on Dec. 1, 1926. Three years 
previously he noticed a small nodule in the left side of his neck which gradually 
increased in size. During this time adjacent nodes enlarged, and at the time 
of examination the whole left side of the neck was filled with a firm, fixed group 
of nodes which were bound together (fig. 10 4A). He had not lost weight, was 
working as a farmer, and was apparently in good health. The temperature and 
blood count were normal. A roentgenogram of the chest was normal. Biopsy of 
one of the cervical glands showed it to be endothelioma. The left side of the 
neck was irradiated from four directions, and within three weeks the nodes were 


reduced to practically normal size (fig. 10 B). To the present time there has been 
no recurrence. 
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COMMENT AND CONCLUSIONS 


This study of forty-one cases of malignant disease of the lymph 
nodes was undertaken in order to determine certain criteria by which 
differential diagnosis could be arrived at and at the same time to deter- 
mine the effect of irradiation on this class of tumors. Although the 
number of patients:is small, all have been personally observed, and the 


collective method of study has established certain basic facts on which 
conclusions can be based. 


In the first place, irradiation seems by far the best method of treat- 
ing these conditions which in the past have been subjected to operation. 
While not curative, it offers to the majority of patients definite pallia- 














Fig. 10 (case 1732).—A, localized endothelioma of the lymph node. The nodes 
shown in this picture attained this size in three years. B, same patient three weeks 
later after roentgen treatment. Two years have elapsed without recurrence. 


tion not only in the retardation of the growths but by an improvement 
of their general health. Especially is this true in lymphosarcoma and 
in certain forms of endothelioma. The duration of life is probably only 
slightly prolonged in Hodgkin’s disease and in leukemia, but an improve- 
ment in subjective symptoms was usually noted. Only in acute leukemia 
does irradiation appear actually harmful. 

Accurate diagnosis is an essential to treatment and prognosis, and 
with the exception of the leukemia, this can be attained only by micro- 
scopic section. Careful removal of tissue for examination has not 
appeared perceptibly to spread the process or to affect the clinical course. 
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Failure of the proper classification has led to much of the confusion 
which now exists concerning this group of malignant diseases, and it is 
possible that if a large number of cases are accurately classified and 
studied, sufficient clinical data may be obtained to make a diagnosis 
without the necessity of biopsy. For this reason, only those cases in 
which the diagnosis was unquestioned were here considered. 

From the clinical course alone, certain facts concerning the diagnosis 
of these tumors have been gained. For example, prodromal signs of 
weakness, loss of weight and anemia often appear in leukemia before 
the enlargement of the lymph nodes, and a study of the blood will 
usually establish the diagnosis. On the other hand, in Hodgkin’s disease 
and in lymphosarcoma the first sign is the presence of tumors of the 
nodes. In the former the patient appears sick; there is usually an 
eosinophilia ; the response to irradiation is slow, and recurrence is rapid. 
In lymphosarcoma the patient is robust and healthy; leukocytosis without 
eosinophilia is present; the response to irradiation is rapid, and recur- 
rence is late. 











TUMORS OF THE BRAIN AND SYPHILIS 
PAUL MARTIN 


There is a tendency in medicine for one to rely more and more on 
laboratory data and mechanical means of diagnosis. Tests which some- 
times have only the appearance of exactness are always welcomed, and 
one overlooks the fact that they carry with them added causes of error, 
since their interpretation is often difficult. 

I am far from denying that these tests are of value; many of them 
are excellent and have offered results which the mere clinical examina- 
tion could not have given. The tests must be applied with an accurate 
technic and discussed with the greatest objectivity, and in establishing 
the diagnosis, the results of the clinical examination must always be 
given final consideration. Thus it is not the tests themselves that call 
forth criticism, but the interpretations put on their results which some- 
times lead clinicians astray, thereby discrediting an accurate, valuable 
piece of information. 

The Wassermann reaction is among laboratory tests the one which 
is the most largely used in the world’s clinics. It has permitted the 
syphilitic origin of diseases hitherto classified without any understand- 
ing of their etiology to be recognized, and it has allowed great thera- 
peutic success. 

In the case of tumors of the brain, however, the misuse of the 
Wassermann reaction has spread wrong ideas and brought on confusion. 

The opinion that the Wassermann reaction may be positive in non- 
syphilitic cases when the protein contents of the spinal fluid are 
increased, as for instance in the Froin syndrome and in cases of tumors 
of the brain and spinal cord, has been often expressed. This, of course, 
was calculated to destroy confidence in the Wassermann reaction and to 
deprive the neurologists of a precious means of differential diagnosis. 

It has been recognized since that in spinal fluid, nonspecific fixation 
of the complement may occur when the fluid has not been heated to 
56 C. (Noguchi, Desneux *), and that an antigen composed of lipoids 
insoluble in acetone never gives a nonspecific fixation of the comple- 
ment (Noguchi). 

In a recent paper, Desneux suggested that if the American authors 
do not mention positive Wassermann reactions in cases other than 
syphilitic ones, it may be due to the fact that Noguchi’s antigen is in 
general use in the United States. 


1. Noguchi, H.: Serum Diagnosis of Syphilis, Philadelphia, J. P. Lippincott 
Company, 1911. 


2. Desneux, J.: J. neurol. et psychiat. 27:67 (Jan.) 1927. 
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Just recently, Spurling and Maddock,* who have studied a great 
number of spinal and ventricular fluids secured from Cushing’s patients, 
concluded that the Wassermann reaction is always negative in cases of 
tumors of the spinal cord and brain. 

The following brief history of a case * recently observed will illus- 
trate this point of view. 


ILLUSTRATIVE CASES 


History —Mrs. D. T., aged 35, complained of jacksonian fits and hemiplegia of 
the right side. The onset occurred six years before with difficulty in moving the 
right foot. This difficulty seemed to have been caused at first by a stiffness and 
afterward by a flaccid paresis. This extended by degrees to the leg and the knee, 
and walking became progressively unsteady. 

Two years later, a neurologist was consulted and made the diagnosis ot multiple 
sclerosis. A few weeks later, the patient had two jacksonian fits localized in the 
right leg. At that time, she was given antisyphilitic treatment. 

A year before, the right hand and right arm were involved progressively. Four 
months before, there was a right jacksonian fit with participation of the right side 
of the face. After that time there was diffuse headache with prevalence in the 
left parietal and suboccipital regions. 

Neurologic Examination—Examination revealed the following: (1) spasmodic 
hemiplegia on the right side, with paresis of the right side of the face, deviation of 
the tongue and clonic seizures of the right leg; (2) very conspicuous dysmetria of 
the right hand in the finger-nose test with preterminal intentional tremor, and 
(3) no sensory disturbances, although there was a sensitive aura in the right half 
of the body. It was concluded that the lesion was of the left rolandic region 
(center of the foot) with irritation of the adjacent parietal area. 

Lumbar puncture showed an initial pressure of 47 and a terminal one of 40 
(Claude manometer), 11 cc. of clear fluid being removed. The analysis showed 
albumin 0.55 per cent with no cells. The Wassermann, Pandy and Benjoin reac- 
tions were negative. 

Ophthalmoscopic examination showed that the fundus and perimetric fields 
were normal. The retinal pressure was: right eye, 35; left eye, 38, the arterial 
pressure being 12/9 (Pachon). Roentgen examination showed a decalcified area 
of the inner table in the upper left parietal region. 

The diagnosis was tumor of the sensitivomotor region, presumably of meningeal 
origin. 

The day before the operation, a note was received from a distinguished neurol- 
ogist, which presented further information about the case and raised delicate 
controversy. This colleague was the one who had conducted the antisyphilitic 
treatment already referred to, and he wrote: 

“T wish to give you a few retrospective details in order to complete your records 
and make your history of the case fit to serve eventually for the neurologist’s 
benefit. 

“A little more than two years ago, when I first saw the patient (I had already 
been in touch with the surgeon and asked him to operate on her) she presented 


3. Spurling, R. G., and Maddock, C. L.: Cerebrospinal Fluid in Tumor of 
Brain, Arch. Neurol. & Psychiat. 14:54 (July) 1925. 

4. I am indebted for this case to Dr. Ludo Van Bogaert, who took the clinical 
record and referred the patient to me for operation. 
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a right hemiparesis not involving the face and very marked at the upper limb; 
jacksonian seizures starting at the lower limb; Wassermann reaction negative in 
the blood, and no choked disks. Spinal fluid examination showed: pressure 23 
(Claude manometer), patient lying down, a normal percentage of albumin, 3 cells, 
Wassermann +-+-4, colloidal Benjoin positive (September, 1924). 

“I discarded temporarily the diagnosis of tumor and started an antiluetic treat- 
ment (arsphenamine, bismuth). 

“This treatment brought on a progressive and very conspicuous regression of 
the symptoms. I made no further examination of the spinal fluid, the patient 
refusing lumbar puncture. Nevertheless at. each series of treatment a further 
improvement was stated, so much that two years after starting the treatment, the 
patient was well except for a slight spasticity of the leg and that the arm had 
recuperated functions which it is not exaggerated to qualify as normal. The 
jacksonian fits were decidedly fewer and when they occurred they were very 
short (the patient was taking luminal). Several examinations of the eye revealed 
no lesions of the fundi. 

“A year ago I started a course of treparsol and biquinyl treatments, which in my 
ntention should have been the last. For the first time, the patient showed a 
bismuthic intoxication and a fortnight after the treatment was completed, series 

f violent fits with paralysis of the arm began. I proposed another lumbar punc- 
ture and had no more news from the patient. 

“T was informed today of the decision you have come to after careful examina- 
tion of the patient. At the present time, I agree that one should perform an 
exploration, but I should be surprised if you discovered a true tumor. It is possible 
ifter all, but it would be queer after such an astonishing improvement obtained 
following antisyphilitic treatment, improvement which has persisted and increased 
luring two years. 

“There is only one operative observation which would explain the case to me, 
that is a localized cystic serous meningitis which could be the remains of a men- 
ingeal inflammation of syphilitic nature.” 

These remarks were impressive and calculated to shake a resolution even though 
it were well grounded. 

Operation and Course—My co-workers and I maintained our point of view, 
however, and the operation was performed on Dec. 13, 1927. With the patient 
under local anesthesia, a large left osteoplastic flap was turned down. There was 
no apparent hypertension. After the dura was opened, a reddish area was dis- 
covered at the upper rolandic region. The edge of the bony opening was rongeured 
to give more room. 

The tumor was dissected away cautiously, and it appeared that its dural attach- 
ment was extremely narrow. This was resected together with the tumor (fig. 1). 
The dura was closed and the bone flap replaced. 

On the second postoperative day, the patient had a jacksonian fit of short 
duration. On the fifth day, motion began to reappear on the paralyzed side. The 
patient improved steadily, and fifteen days after operation she could walk and feed 
herself. 

The pathologic examination showed a round, hard, lobulated tumor with a 
diameter of approximately 6 cm. and weighing 125 Gm. The structure was that 
of a typical meningioma (fig. 2). 


Comment.—The neurologist who first saw the patient thought at 
first that he was dealing with a tumor. The positive Wassermann 
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reaction of the spinal fluid made him change his mind, and he started 
antisyphilitic treatment. This test was made with nonheated spinal 
fluid, and that is the reason the reaction was positive. 

In another group of cases one may find conspicuous cases of syphilis 
with a positive reaction of the blood and symptoms of involvement of 
the central nervous system. 

Many physicians have their attention focused on the positive Was- 
sermann reaction and apply antisyphilitic treatment; they overlook 
clinical symptoms which do not depend on syphilis and which demand 
treatment other than a specific one. 




















Fig. 1 (case 1).—Hard, round, lobulated tumor measuring 5 by 5 by 5 cm. 
The clearer patch in the center is the fragment of dura mater to which the tumor 
was attached. 


History —E. W., a carter, aged 29 years, was first seen in April, 1927, com- 
plaining of blindness, headaches and convulsive seizures localized on the left side. 
The malady began in June, 1924, when the patient complained of suboccipital head- 
aches and failing vision. He consulted an internist, who found a four plus 
Wassermann reaction of the blood and sent him for treatment to a dermato- 
syphilologic clinic. 

From 1924 to 1926, the patient was submitted to an intensive treatment. He 
received no less than five series of neoarsphenamine, three of bismuth and one of 
cyanide of mercury. Meanwhile the Wassermann reaction, of the blood was still 
four plus, and the symptoms remained unaltered. 
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In 1925, the patient gave up all treatment. His headaches persisted, and his 
sight continued to fail. On April 4, 1927, he came to see us. At that time he was 
blind. Results of a general examination were negative, except for an old coxalgia 


on the left side. 


Neurologic Observations——The cranial nerves were normal except for blindness 
and secondary optic atrophy. Muscle power was diminished in the left upper limb; 





Fig. 2——Photomicrograph of the tumor shown in figure 1. The structure was 
that of a meningioma. 


on the lower limb the results of examination were unreliable on account of the 
coxalgia. There were no superficial sensory disturbances. The deep sensibilities, 
however, were deeply altered on the left, where there was an astereognosis. On 
the left side the skin reflexes (cremasterian abdominal) were absent; a Babinski 
sign and an ankle clonus were present on the same side. There were no cerebellar 
symptoms. 


The diagnosis was cerebral tumor of the right parietal lobe. 
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Operations and Course——The first operation was performed on April 10, 1927. 
With the patient under local anesthesia, a large bone flap was turned down on the 
right side. The dura was tense and could be opened only after a lumbar puncture. 

When the parietal lobe was punctured, a hard tumor was felt at a depth of 
1 cm. and was encountered again in the temporal lobe at a depth of 4 cm. 

The cortex was incised in the parietal lobe, and the tumor was found encap- 
sulated and as large as the fist of an adult. 

Since the blood pressure was greatly lowered, the operator felt that it was better 
to remove the tumor at a, second stage, and the wound was closed in layers, the 
bone flap being removed. The patient made an uneventful recovery and was so 
greatly improved that he did not want to submit himself to the second stage of 
the operation. 

















Fig. 3 (case 2).—The smaller tumor is the fragment removed with the cautery 
in order to reduce the size of the tumor. The silk ligatures passed into the tumor 
were used as tractors. The whole tumor weighed 700 Gm. 


On April 7, 1928, he returned to the hospital. At the operative site there was 
a huge hernia formed largely of spinal fluid, and the patient wanted to be relieved 
of this troublesome infirmity. 

A second operation was performed on April 12, 1928. An incision was made 
around the former flap. The periosteum was stripped away, and a large arach- 
noidal cyst was opened. The tumor was partly exteriorized; it was enormous, 
vascular and adherent in the depth. 

In order to reduce its size and facilitate its extirpation, a large fragment 5 by 5 
by 5 cm. was excised with the cautery. In the cavity created in this way, heavy silk 
sutures were passed and tied. This permitted a traction on the tumor, and it was 
removed without difficulty (fig. 3). 
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It was attached at the lower border of the falx, and at its points of attachment 
a severe hemorrhage occurred. This was controlled by wet cotton and gauze, 
which were left in the wound. The galea and skin were sutured. 

On April 14, 1928, forty-eight hours after the operation, the wound was 
reopened, the plugging was removed, the cavity was filled with saline, and the galea 
and skin were carefully sutured. 





Fig. 4—Low power magnification of photomicrograph of the tumor shown in 
figure 3. The structure was that of a fibrous meningioma. 


Two days later, spinal fluid started to leak into the dressings. The fluid was 
cloudy and contained 150 cells per cubic millimeter; no bacteria were disclosed on 
direct examination. However, by cultures B. antracomorphi, Diplococcus crassus, 
a few staphylococci and rare streptococci were isolated. (The patient had impetigo 
of the scalp before the operation.) 


During the following weeks, the brain expanded and took its original place, the 
leakage stopped, but the patient became gradually cachectic. 
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The patient’s psychism remained intact until two days before death, which 
occurred seven weeks after the operation. 

Pathologic examination showed an enormous, hard and lobulated tumor, weigh- 
ing 700 Gm. At microscopic examination it appeared to be a typical meningioma 
(figs. 4 and 5). 


Necropsy—The brain was removed “en bloc,” together with the skin overlying 
the bony defect, in order to allow an examination of the site of the operation. At 





Fig. 5 (case 2).—High power magnification of photomicrograph of the tumor 
shown in figure 3. 


the base, there were a few patches of meningitis. A transverse section passing 
through the middle part of the flap showed that the brain had regained its place. 
At the level of the falx, there was a small collection of pus. On the left side of 
the falx, there was a tumor nodule as large as a hen’s egg which was left at the 
operation. 


The patient died of meningo-encephalitis. 
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COMMENT 


1. The physician who first saw the patient ascribed the 
symptoms (headaches) to syphilis of the central nervous system due to 
the presence of a four plus Wassermann reaction. 


2. The antisyphilitic treatment was given in a specialized clinic and 
continued in spite of the fact that it did not bring about any 
improvement. 


3. As far as the surgical management of the case is concerned, it 
might have been better to have tried to control the bleeding before 
closing and not by using a buried plugging. This might have prevented 
the cerebrospinal leakage and infection. 

When a patient presents a positive Wassermann reaction, it is not 
a sufficient reason for ascribing all the symptoms he complains of to 
syphilis. 

One should never continue an antisyphilitic treatment which does 
not cause improvement, and one should look further to establish the 
correct diagnosis. These two errors were made by highly trained and 
conscientious physicians; that is the reason I think it worth while to 
attract attention to such a case. 

These two cases illustrate the commonest mistakes into which 
physicians are induced when the differential diagnosis between tumor 
of the brain and syphilis of the central nervous system must be made. 
In both cases the mistakes were due to misuse of. the Wassermann 
reaction which, in so many instances, has been of great value. In the 
first case, a faulty technic was responsible for the error; in the second 
case, the mistake came from a misinterpretation of the reaction. 

The Wassermann reaction of the spinal fluid should be made with 
a strict technic on fluid heated to 56 C. A positive Wassermann reaction 
of the spinal fluid does not necessarily mean that one has to deal with 
cerebrospinal syphilis. Dujardin has shown that syphilitic antibodies 
formed in the blood pass through the meninges because of a permeability 
which may be caused by pathologic changes other than those of syphilis. 

In cases in which there is an indubitable underlying syphilis, a 
“traitement d’épreuve” may be instituted, but the case should be watched 
carefully, and when the nervous symptoms do not yield to the treat- 
ment, the patient should be reexamined. 

The prevailing idea about a systematic “traitement d’épreuve” in 
cases of tumor of the brain is due to the fear of surgical intervention 
which is by no means without risks, but which is the only therapeutic 
measure which can be looked on when a patient is harboring an intra- 
cranial neoplasm. 

Not only is surgical intervention the sole form of therapeutics to be 
applied to tumors of the brain, but even in cases in which the presence 
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of syphilis of the central nervous system is positive, it may have 
imperious indications. This is illustrated by the record of another 
patient. 


History.—B. E.,° a laborer, aged 25 years, was treated for secondary syphilis in 
April, 1926. He was given three series of neoarsphenamine at intervals of one 
month, with total doses respectively, of 5.10, 6.25 and 4.95 Gm., the maximal dose at 
a single injection being 0.9 Gm. 

During the intervals of each series, the patient experienced severe headaches, 
which at first improved when the treatment was resumed but which later were not 
influenced by the injection of arsphenamine. 


On Dec. 9, 1926, a lumbar puncture was done. The spinal fluid showed: 355 
cells per cubic millimeter and a positive Wassermann reaction; the Wassermann 
reaction of the blood was negative. 

After this examination a mixed treatment (neoarsphenamine, sulpharsphenamine 
at the maximal dose of 0.6 Gm. potassium iodide, bismuth and mercury) was 
started. The treatment had hardly any influence on the headaches, which at times 
became unbearable. The general condition of the patient became poor, and he was 
discouraged. 

In May, 1927, while being submitted to intravenous injections of cyanide of 
mercury, the patient suffered from severe headaches accompanied by attacks of 
vomiting. His general condition became poorer and poorer, and on the night of 
June 2, 1927, he was taken to the hospital in an unconscious condition. 





His pulse rate was from 45 to 50, weak and irregular. I immediately per- 
formed a subtemporal decompression on the right side. On the following day the 
patient felt better, and the headaches had subsided. 


The antisyphilitic treatment was continued and well borne. The patient was 
cured of his symptoms. 


Comment.—1. It seems that symptoms of intracranial hypertension 
may appear during the course of a recent syphilis and be at once 
unyielding to a mixed and intensive antisyphilitic treatment. 


In this case, the diagnosis was easily made on the grounds of the 
patient’s history and the result of the lumbar puncture. 


In cases in which the syphilitic origin is ignored (the blood indeed 
may present a negative Wassermann reaction), an examination of the 
spinal fluid will be indicated. 


2. It is remarkable that before the decompressive operation the 
antisyphilitic treatment was without effect and that after decompression 
it acted energetically. When looking for an explanation, one should 
think that intracranial hypertension, in lessening the circulation cf 
blood at the site of the lesion, interferes with the bathing of the dis- 
eased brain by the drug. ; 


5. This patient was referred to me by Dr. B. Dujardin, and was presented to 
the Groupement belge d'Etudes oto-neuro-oculistiques _et neuro-chirurgicales ; 
Dujardin, B., and Martin, P.: J. de neurol. et de psychiat. 28:228, 1928. 
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It seems that in some cases a decompressive operation should be 
recommended not only as an emergency measure but also as having an 
added therapeutic action in cases of cerebral syphilis unyielding to 
antisyphilitic treatment. 

CONCLUSIONS 

1. In cases of tumors of the brain the interpretation of a positive 
Wassermann reaction should be submitted to severe criticism. 

2. The test should be made on spinal fluid heated to 56 C. or on 
nonheated spinal fluid with nonprotein-trophic antigen (Noguchi, 
Bordet) in order to avoid nonspecific positive reactions. 

3. The presence of an undoubted positive reaction even of the spinal 
fluid does not necessarily mean that the symptoms of involvement of 
the nervous system are due to syphilis, and if an antisyphilitic treatment 
is given, it should not be continued when the symptoms remain 
unaltered. 

4. The routine antisyphilitic treatment given too often in cases of 
tumor of the brain should be abandoned ; the only treatment should be 
surgical, sometimes with adjunction of deep roentgen therapy. 

5. Even in undoubted cases of cerebral syphilis the symptoms may 
demand surgical relief, and the operation may in certain cases favor the 
medicinal action which was previously of no avail. 
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THE EFFECT OF ULTRAVIOLET LIGHT ON CORNEAL 
TUBERCULOSIS IN RABBITS * 


HARLAN F. NEWTON 


Experimental evidence which can shed light on the activity of the 
tubercle bacillus in tissue and its resistance to modern methods of 
therapy is of value. The advent of the use of heliotherapy has marked 
a great advance in the physiotherapy and control of many forms of 
local tuberculosis. A particularly significant addition to the medical 
armamentarium was the air-cooled quartz mercury vapor lamp, com- 
monly spoken of as the ultraviolet lamp or the Alpine sun lamp. 

In the world at large, sunlight is the great destroyer of bacteria, and 
even in the animal body, if the effects of its indirect action are consid- 
ered, it must be given first place. Sunlight in many countries, however, 
is available for only short periods of the year, and even then is an 
uncertain therapeutic and experimental agent, due to weather conditions. 
This has limited its value and led to the creation of substitute sources 
of ultraviolet light. The spectral characteristics of the different types 
of artificial light are important and different. Reyn* has stated that 
the spectrum of the carbon arc light is a continuous one, which, con- 
sequently, contains all the rays and notably all the chemical rays that 
penetrate well into tissues; while the different types of quartz mercury 
vapor lamps have a linear spectrum, the lines of which are especially 
strong in the short-waved ultraviolet rays of comparatively feeble pene- 
tration. Many of the older writers, Hasselbalch,? Henri,*® and Glitscher,* 
stated that the penetration of the shorter ultraviolet rays through the 
skin is for the most part not more than 0.1 mm. These investigators 
worked with dead epidermis which differs markedly from living pro- 
toplasm in its biologic aspects, and also in its physical and chemical 
properties. Macht,® on the other hand, studying the penetration of the 





*From the Deutsche Forschungsanstalt fiir Tuberculose and the Directorial 
Division (University Medical Clinic) of the Eppendorf General Hospital, Ham- 
burg, Prof. Dr. Ludolph Brauer. 

1. Reyn, A.: Actinotherapie at the Finsen Institute-Kopenhagen, Brit. J. 
Tuberc. 22:1, 1928. 

2. Hasselbalch, K. A.: Quantitative Untersuchungen ueber die Absorption 
der menschlichen Haut von ultravioletten Strahlen, Skandin. Arch. f. Physiol. 25: 
55, 1911. 

3. Henri, V.: Comparison de I’action des rayons ultraviolets sur les organ- 
ismes avec les réactions photochimiques simples et complexes, Mém. de la Soc. de 
Biol. 73:323, 1912. 

4. Glitscher, K.: Die Absorption des sichtbaren Lichtes in der Haut, Strahlen- 
therapie 9:255, 1919. . 

5. Macht, D.; Anderson, W., and Bell, F.: The Penetration of Ultraviolet 
Rays into Live Animal Tissues, J. A. M. A. 90:161 (Jan. 21) 1928. 
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ultraviolet rays from the Alpine ‘sun lamp by means of a spectrograph 
and thermopile, and using living animal tissue, found that the short id 
ultraviolet rays (less than 3,025 angstrom units) pass through a thick- 
ness of skin of 1 mm. or more. He definitely established the fact that 
penetration of ultraviolet rays through the living skin and other tissue is 
greater than has hitherto been supposed, and also that some of the 
shorter ultraviolet rays penetrate skin more deeply than the longer 
ultraviolet rays. 


Henri and Baroni® showed that virulent bovine tubercle bacilli, 

when suspended in a physiologic solution of sodium chloride and placed 
15 cm. beneath the quartz mercury vapor lamp, lost their acid-fast prop- 
rty after three to four minutes of irradiation, and were destroyed 
1 ten minutes. Ejidinow’ recently confirmed these observations, and a 
lso demonstrated that the short ultraviolet rays (those less than 3,300 
ngstrém units) of the lamp possess the greatest bactericidal effect on 
ibercle bacilli suspended in a physiologic solution of sodium chloride. | 
erhaps his most significant contribution, however, was finding that nt 
irulent tubercle bacilli mixed with blood or serum and exposed in a att 
ery thin film were not killed, by sixty minutes’ irradiation, while 
aphylococci prepared similarly showed attenuated virulence in thirty 
\inutes and destruction in sixty minutes. Since tubercle bacilli mixed lh 
ith blood or serum are not destroyed in vitro, it might seem improb- | 
ble that any irradiation with the quartz mercury vapor lamp of tubercle 
acilli in vascular tissues can result in direct bactericidal action. 

The effect of ultraviolet light on lupus vulgaris has naturally 
ittracted the attention and observation of many authors. From 1902 

» 1905, Jansen,* Klingmiiller and Halberstadter ° and Nagelschmidt *° 
eported that the rays of the Finsen concentration lamp can completely 
lestroy tubercle bacilli in a lupus lesion to a depth of 1.5 mm. in seventy- 
ive minutes’ irradiation; but as the lupus nodules are usually situated 
rom 2 to 4 mm. below the surface of the skin, only a weak effect to 
his depth was observed. Further, they found that guinea-pigs into 
which had been injected ground extracts of irradiated lupus nodules 
lied of tuberculosis. Virulent tubercle bacilli were also injected sub- 
cutaneously and intradermally into guinea-pigs, the site of inoculation 
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6. Henri, V., and Baroni, V.: Action des rayons ultraviolets sur les bacilles 
tuberculeux et sur la tuberculine, Compt. rend. Acad. d. sc. 151:724, 1910. 

7. Eidinow, A.: The Bacterial Action of Light on Tubercle Bacilli, Brit. 
M. J. 2:160, 1927. 

8. Jansen, H.: Untersuchungen ueber die Fahigkeit der baktericiden Licht- 
strahlen, durch die Haut zu dringen, Mitt. Finsen Inst., 1903. ate 

9. Klingmiiller, V., and Halberstadter, L.: Ueber die baktericide Wirkung GALE 
des Lichtes bei der Finsenbehandlung, Deutsche med. Wchnschr. 21:539, 1905. 1 

10. Nagelschmidt, F.: Zur Theorie der Lupusheilung durch Licht, Arch. f. 
Dermat. u. Syph. 63:335, 1902. 
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being immediately irradiated ; but later‘all the animals were found to be 
suffering from generalized tuberculosis. Single irradiation in these 
early clinical cases of lupus may account in part for the negative results. 
The many reports of the cure of lupus vulgaris by repeated treatment 
with the ultraviolet lamp establish the value of heliotherapy. Theoretical 
reaction of the tissues or possible overheating of the part have been 
advanced to explain the results which have been obtained, but experi- 
mental proof is still lacking. While the chronic tuberculous diseases 
of the skin and mucous surfaces respond admirably to ultraviolet radia- 
tion, the tubercle bacillus is an organism which is more resistant to the 
rays of the ultraviolet lamp than the staphylococcus, and apparently is 
sensitive only to the shorter ultraviolet rays from which it may be pro- 
tected by the tissues. 

The eye has been particularly employed in investigations concerning 
the etiology of tuberculosis and the histogenesis of the tubercle 
(Schieck,"" Jansen,’? Baumgarten,’** Heydemann ** and Calmette *). 
Most of these authors produced tuberculosis of the iris or of the anterior 
chamber by injection, or infected the cornea alone by tattooing or by intra- 
lamellar injection. Jansen and his co-workers at the Finsen Institute, 
Copenhagen, have studied the histologic changes resulting from the 
use of ultraviolet light on tuberculosis of the iris and anterior chamber. 
One irradiation of one hour’s duration was given with the Finsen con- 
centration lamp from three to six weeks after the ocular tuberculosis 
was well advanced. He found no retardation of the progress of the 
disease resulting from this light treatment. The Finsen lamp ‘differs 
markedly from the ordinary quartz mercury vapor lamp, but it seems 
improbable that one irradiation with either lamp could sterilize a well 


advanced ocular tuberculosis. These results are, therefore, not par- 


ticularly significant. The literature contains no evidence of the effect 
of repeated irradiation of experimentally produced corneal tuberculosis 
with ultraviolet light, and these possible effects excited my interest. 
The cornea of the rabbit is particularly suitable for the elucidation of 
this study, for it is an essentially avascular tissue, not more than 1 mm. 
thick, and allows free passage of all the short ultraviolet bactericidal 


11. Schieck, F.: Ueber die ersten Stadien der experimentellen Tuberculose der 
Kaninchencornea, Beitr. z. path. Anat. u. z. allg. Path. 20:247, 1896. 

12. Jansen, H.: Ueber Gewebssterilization und Gewebsreaktion bei Finsen’s 
Lichtbehandlung, Beitr. z. path. Anat. u. z. allg. Path. 41:277, 1907. 

13. Baumgarten, P.: Ueber Tuberkel und Tuberkulése, Berlin, A. Hirschwald, 
1885. 

14. Heydemann, L.: Beitrag sur Histogenese der Hornhauttuberkel, Grefswald, 
J. Abel, 1894. 

15. Calmette, A.: L’infection bacillaire et la tuberculose chez l'homme et chez 
les animaux. Processus d’infection et de défense. Etude biologique et expéri- 
mentale, Paris, 1920. 
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rays. It can also be easily infected by intralamellar injection with no 
possibility of secondary infection or contamination, and daily observa- 
tions can readily be made. My purpose, therefore, in this work was to 
observe (1) the effect of repeated direct ultraviolet irradiation with the 
air-cooled quartz mercury vapor lamp on the corneas of rabbits into 
which was injected a suspension of tubercle bacilli (a) before any 
gross infection was apparent and (b) after the infection was estab- 
lished and evident ; and (2) the indirect effect on corneal tuberculosis of 
repeated irradiation of one half of the body surface of the rabbit. 


METHOD 


Twenty-two white, young rabbits, weighing between 1,800 and 2,600 Gm. each, 
vere used in these experiments. They were kept on the usual herbiferous diet, 
isolated from other animals, groups of four or five occupying large roomy cages 
ndoors, the latter never being exposed to direct sunlight. During the experimenta- 
ion eight of the rabbits contracted an acute coryza, five of the smaller ones suc- 
‘umbing early in the work. All the other animals were healthy and active at all 
imes. 

After the method of Calmette,” known virulent bovine tubercle bacilli in pure 
‘ulture grown on egg medium and suspended in glycerin-dextrose-distilled water 
olution were used for injection. This emulsion was diluted with a normal sterile 
hysiologic solution of sodium chloride so that by count 0.03 cc. of the solution 
ontained about 300 tubercle bacilli. Both corneas of all the animals were injected 
with this same amount of solution of bacilli on the day of its preparation. Before 
‘ach inoculation the injecting syringe was filled from the constantly rotated tube 
containing the bacillary suspension in order to prevent sedimentation of the bacilli, 
and so that, so far as was possible, 300 tubercle bacilli would be injected into each 
cornea. Except for the five treated corneas of the second group, definite tuber- 
ulosis developed in both corneas of all the animals. 

The animals were prepared for injections into the corneas in the same way as 
they were for ultraviolet light treatment. The rabbit was rolled in a small sack, 

nly the head protruding, the legs thus being confined and restrained. Only the 

eyes were cocainized. By means of an ocular elevator the eye was gently dislocated 
ind held in light spring forceps. A fine needle fitted to the syringe containing the 
bacillary emulsion was then inserted into the outer portion of the cornea, and carried 
centrally in the intralamellar substance so that the injection was made in the exact 
center of the cornea. The point of puncture was first sterilized with a small 
amount of tincture of iodine, and on withdrawal of the needle, gentle pressure with 
a small swab inpregnated with the same solution sealed the injection-channel and 
prevented escape of the emulsion. The anterior chamber was never entered. 

The ordinary type of air-cooled quartz mercury vapor lamp was used for treat- 
ment. Because the intensity of light produced by these lamps varies, weekly tests 
on those used in this work were made. An intensionometer gave the exact number 
of minutes which produced dermal erythema with the object 40 cm. distant. This 
is important, for while four minutes’ exposure was at one time enough to produce 
erythema, often nine minutes with that lamp was required for the same effect a 
week later. Therefore, for the sake of uniformity in the effect of light treatment 
on the animals, the number of erythema doses was always used as the unit, and the 
exact time of exposure disregarded. Previous workers always considered the 
intensity of light delivered by the quartz mercury vapor lamp the same at all times. 
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This is not true. Before treatment of the cornea the rabbit was confined and 
restrained in a small sack, the head protruding, the eye to be treated cocainized. 
The eye was then gently dislocated as for injection and held in spring forceps. By 
means of a “window” held 0.5 cm. above the cornea, all parts of the animal except 
the cornea were protected and screened from the rays of light. Exposure was at 
40 cm. distance, usually for five erythema doses. In testing the tolerance of the 
cornea to the light, it was found that seven and ten erythema doses produced 
marked conjunctivitis and ocular actinic inflammation which required six days to 
subside. Five erythema doses, though far from being reactionless, could be given 
more often, seemed more satisfactory, and was therefore the unit selected. To 
prevent a burn of the cornea 1 or 2 drops of a physiologic solution of sodium 
chloride were dropped on it during the period of exposure. 


RESULTS 

Group 1: Control Animals Not Exposed to Ultraviolet Light— 
Two of the five animals in this group died of acute coryza two weeks 
after corneal inoculation. Of the fourteen surviving rabbits in the other 
groups that had been treated by light, only one eye of each animal was 
subjected to ultraviolet light. The other served as a control, and the 
development and progression of the tuberculosis in these corneas was 
not different from that in the three unexposed control rabbits. For 
between twenty-three and twenty-seven days after corneal inoculation 
the eyes appeared perfectly normal. A fine gray point or narrow streak 
in the cornea accompanied by slight conjunctivitis then appeared. This 
initial point gradually enlarged, the conjunctivitis and iritis became 
marked, only to disappear in a few days and other similar foci appeared 
in the corneal centrum and in the inoculation channel. These became 
confluent, and a small gray ulcer was formed between the forty-third and 
fifty-first day. Almost coincidentally with the appearance of the ulcer, 
a fine blood vessel pannus arising from the conjunctiva on all sides 
radiated into the cornea (fig. la). About the fifty-seventh day the 
ulcer, 1 cm. in diameter, was completely vascularized. The develop- 
ment of complete ulceration of the cornea then progressed peripherally 
and more slowly (fig. 2a). The animals were killed on the ninety- 
seventh day after inoculation. The cervical and bronchial lymph nodes, 
spleen, lungs and liver (in one rabbit) were filled with caseous and fine 
foci from which pure cultures of tubercle bacilli were recovered. His- 
tologically, the corneas (fig. 3a) showed marked thickening, complete 
erosion of the outer layer of epithelium with marked endothelial cell 
and lymphocytic invasion of the corneal substance. Dilated blood 
vessels surrounded by lymphocytes and, in places, caseous foci were 
seen. The picture was that of unquestionably advanced tuberculosis. 

Group 2: Effect of Ultraviolet Light on Corneas Given Injections 
of Tubercle Bacilli But Not Showing Evidence of Tuberculosis —There 
were five animals in this series, the sixth dying of acute coryza early 
in the work. One eye of each rabbit was untreated with light and there- 
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Fig. 1—a. Control cornea of rabbit 661 (group 2), sixth week after inocula- 
tion, showing beginning ulceration and pannus-formation. b. Cornea treated with 
ultraviolet light. No evidence of tuberculosis. Slight subsiding actinic inflam- 


mation, 
Fig. 2—a. Control cornea of rabbit 66] (group 2), eighth week after inocula- 
tion, showing advanced tuberculous ulceration. b. Cornea treated with ultraviolet 


light; normal. | 
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Fig. 3—a. Control cornea of rabbit 661 (group 2), fourteenth week after inoc- 
ulation. Thickening of cornea, erosion of the epithelium, dilatation of blood ves- 
sels, endothelial cell and lymphocytic infiltration, and foci of caseation are seen; 
advanced tuberculosis. 6. Satellite cervical lymph node; caseous tuberculosis. 
Hematoxylin eosin stain; reduced from magnification < 150. 
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fore they were added controls to group 1. The other eye was used for 
light treatment. Twenty-four hours after corneal inoculation, in order 
to allow any traumatic inflammation resultant from it to subside, the 
treatment was started. Four exposures of five erythema doses were 
then given to each animal at three day intervals. Thereafter no light 
treatment was given. Widmark,'* Ogneff** and Verhoeff,'® studying 
the influence of ultraviolet light from the carbon are lamp on the 
normal eye of the rabbit, described pericorneal injection, chemosis, 
clouding of the cornea, sometimes superficial corneal ulceration, 
increased vascularity to the cornea and conjunctivitis. In control experi- 
ments with light not containing the ultraviolet spectrum, there were 
practically no changes. In this series the same effects were observed as 
by the aforementioned authors, except for superficial corneal ulceration. 
All clinicians recognize the conjunctivitis which follows careless 
exposure of the human eye to the rays of the Alpine sun lamp. There 
must be, therefore, unpreventable more or less severe actinic inflamma- 
tion with exposure to the ultraviolet lamp, dependent on the intensity 
of the light. Six weeks after inoculation, when the control cornea 
showed beginning ulceration and vascularization with advancing devel- 
opment of the tuberculosis (fig. 1 a), the treated cornea had never shown 
any evidence of tuberculosis. Only slight vascularization of an essen- 
tially clear cornea from subsiding actinic inflammation was observed 
(fig. 1b). At the end of the eighth week, the control corneas showed 
extensive tuberculous ulceration (fig. 2a), while the treated corneas 
were wholly clear (fig. 2b) and remained so in all five rabbits until the 
animals were killed for postmortem examination at the end of the 
fourteenth week. Gross study then revealed small and large caseous 
foci of tuberculosis in the control corneas, their satellite cervical lymph 
nodes, spleen, and bilaterally in the bronchial lymph nodes and lungs. 
Cultures of tubercle bacilli were recovered from lesions of these organs. 
Histologically, the control cornea (fig. 3a) and a cervical lymph node 
from that side (fig. 3b) showed typical microscopic tuberculosis. On 
the other hand, the corneas treated with light and their satellite cervical 
lymph node chains were grossly normal. Histologic preparations are 
confirmatory in showing a normal cornea (fig. 4a) and a normal cervical 
lymph node (fig. 4b). 


It might be argued that as treatment of these corneas was begun 
before the appearance of a tuberculous lesion, there might have been 
some mistake in inoculation, and few if any tubercle bacilli might have 


16. Widmark, E. J.: Ueber den Einfluss des Lichtes auf die vorderen Medien 
des Auges, Skandin. Arch. f. Physiol. 1:264, 1889. 

17. Ogneff, J.: Einige Bemerkungen ueber die Wirkung des elektrischen 
Bogenlichtes auf die Gewebe des Auges, Arch. f. d. ges. Physiol. 63:209, 1896. 

18. Verhoeff, F.: The Pathological Effects of Radiant Energy on the Eye, 
Proc. Am. Acad. Arts and Sc. 51:629, 1916. 
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Fig. 4—a. Cornea of rabbit 661 (group 2), fourteenth week after inoculation, 
treated with ultraviolet light; normal. 6. Satellite cervical lymph node; no evi- 
dence of tuberculosis. Hematoxylin eosin stain; « 150. 
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been injected. Using the same bacillary suspension and technic, all the 
animals were injected at the same time and in the same manner. That 
tuberculosis developed in the corneas of all the other animals makes it 
unlikely that faulty technic was the cause of negative results in the 
treated eyes of these five rabbits. There is but one reasonable explana- 
tion of these results. Four ultraviolet irradiations by means of the 
air-cooled quartz mercury vapor lamp destroyed virulent tubercle bacilli 
soon after their injection in the cornea of the eye of the rabbit and 
before macroscopic tuberculosis could develop. 

Group 3: Effect of Ultraviolet Light on Macroscopically Evident 
Corneal Tuberculosis—One of the six rabbits in this group also died of 
acute coryza early in the work. As in the previous experiments 
(group 2), one eye of each of these five animals was unexposed to 
ultraviolet light, and therefore acted as an added control to group 1. 
Between the twenty-third and twenty-seventh day after corneal injec- 
tion with tubercle bacilli, a gray lesion the size of a pinhead, associated 
with conjunctivitis and slight iritis, first appeared in the centers of the 
corneas of all the control animals. This was the primary evidence of 
the definite development of tuberculosis in the cornea after the period 
of incubation. At this time, therefore, treatment with ultraviolet light 
by the air-cooled quartz mercury vapor lamp was begun, one cornea of 
each of the five animals being used. Between nine and eleven separate 
exposures of five erythema doses at intervals of from three to four 
days were administered. All parts of each rabbit except the cornea were 
carefully screened from direct or indirect irradiation. 

The treatment with light caused an acceleration of the ulceration and 
an earlier vascularization of the corneal lesions by comparison with the 
control corneas. No direct complete sterilization of the diseased cor- 
neas by repeated strong exposure to the ultraviolet light or indirect 
retardation of the tuberculosis through stimulation of an increased 
inflammatory cell reaction was observed. Cultures of virulent tubercle 
bacilli were obtained from these treated corneas as well as the gen- 
eralized lesions found when all the animals were killed at the end of 
the fourteenth week after inoculation. The histology of the irradiated 
corneas was also not different from that of the*control rabbits except 
for greater vascularity and more abundant infiltration of endothelial 
cells and lymphocytic cells throughout the corneal substance. 


Group 4: Indirect Effect of Ultraviolet Irradtation of One Half 
of the Body Surface of the Rabbit on Corneal Tuberculosis—Only 
four of the six rabbits in this group survived the experiment. These 
animals were large, young white rabbits, into the corneas of which 
tubercle bacilli had been injected simultaneously and in the same man- 
ner as into the animals of the previous groups. The hair of one side 
and of the abdomen of these rabbits was cleanly removed by shaving, 
without irritation of the underlying skin. Later growth of hair in these 














NEWTON—ULTRAVIOLET IN CORNEAL TUBERCULOSIS 1551 


parts was removed in a similar manner from time to time. The skin 
of an albino rabbit is comparatively thin, lacking in pigmentation, and 
presumably should allow ready passage of the ultraviolet rays of light 
(Macht *®). Twenty-four hours after corneal inoculation with tubercle 
bacilli, treatment of the exposed body surface of the rabbits with ultra- 
violet light from the air-cooled quartz mercury vapor lamp was begun. 
To prevent excessive irritation or possible burning of the skin from 
irradiation, only one half of an erythema dose was given at the first 
exposure. This amount was gradually increased daily. In three weeks, or 
just before the appearance of the corneal tuberculosis, the skin was 
slightly pigmented and tolerated five erythema doses of light exposure 
without reaction. Further treatment was given with this amount of 
light every second or, occasionally, third day for the next five weeks. 
Both corneas of each rabbit were screened from the direct ultraviolet 
light during treatment. They, therefore, acted as indexes of the indi- 
rect antibacterial action of ultraviolet radiation of one half of the body 
surface of the rabbit on corneal tuberculosis. No appreciable retarda- 
tion of the development of the local corneal tuberculosis in either eye 
was observed, nor did postmortem examination at the end of the 
fourteenth week reveal evidence of the localization of the disease to the 
‘orneas, all the animals showing generalized tuberculosis proved 
bacteriologically. 
SUMMARY 


1. The cornea of rabbits because of its ready accessibility, uniform 
thickness and avascularity is particularly suitable for the study of the 
effect of ultraviolet light on the action of virulent bovine tubercle bacilli 
in tissue. 

2. The production, development and progress of experimental cor- 
neal tuberculosis in rabbits is described. 

3. Corneas injected with virulent tubercle bacilli, but showing no 
gross tuberculous lesions, were each exposed to ultraviolet irradiations 
from the air-cooled quartz mercury vapor lamp. The bacilli were 
destroyed, and the subsequent development of corneal tuberculosis pre- 
vented. 


4. Observations were made on animals with early macroscopic cor- 
neal tuberculosis treated with repeated ultraviolet irradiation. There 
was no sterilization of the diseased corneas or retardation of the tuber- 
culosis through stimulation of an increased inflammatory cell reaction. 
The ultraviolet light accelerated the ulceration of the lesions and 
increased the vascularity as well as the endothelial cell and lymphocytic 
infiltration of the corneas. 

5. Ultraviolet radiation of one half of the body surface of the rabbit 
produced no observable indirect antibacterial effect on the germination 
of corneal tuberculosis. 







































INTRACRANIAL COMPLICATIONS IN PURULENT 
OTITIS MEDIA 


WILLIAM C. WARREN, Jr. 


The more cases one sees of discharging ears, the more one should 
learn to respect them. In making this statement no special type in 
particular is referred to but all types in general. There is no other 
condition in medicine that carries with it more potentiality of compli- 
cations ; consequently, every case of otitis media should be approached 
with fear and trepidation. What may happen next is an important 
question and usually is the cause for considerable thought and anxiety 
on the part of the attending physician. 

In this ever progressing era of medicine much has been accom- 
plished in the diagnosis and treatment of intracranial complications 
which are otogenous in origin, but much more still remains unsolved. 
The mortality rate continues to be high and at times seems discouraging. 
A review of the literature on this subject for the past fifteen years, 
however, reveals much success in the treatment of sinus thrombosis, 
some success in the treatment of abscess of the brain and little success 
in the treatment of meningitis. Progress in the treatment of the latter 
depends on a more thorough and general understanding of the anatomy 
and physiology of the pia-arachnoid. The fact that meningitis is the 
most common otologic intracranial complication makes it all the more 
important. 

Most authorities agree that about one of every four cases of chronic 
infection and one of every nine cases of acute infection of the middle 
‘ar present an intracranial complication. The mortality is practically 
the same, though slightly higher in the acute cases. This may be 
explained by the frequent absence of typical signs and symptoms and 
the watchful waiting attitude assumed by many. 

The following is a classification one should always keep in mind 
when dealing with a case of suspected intracranial lesion arising from 
an infected ear: (a) circumscribed, (b) diffuse and (c) combination of 
these two. Abscess of the brain would come under (a), meningitis 
under (b) and sinus thrombosis under (c). It is true that meningitis 
may be local or general, but the cases most frequently seen are those of 
a diffuse purulent leptomeningitis. 

Shuster * of Philadelphia has well said : 


There is not a group of cases in the domain of surgery wherein the patient’s 
condition is more serious, and the evidence upon which operating must be under- 
taken more meager, nor the effects of mistaken surgery more disastrous. 


1. Shuster, B. H.: Intracranial Complications of Otitic Origin with Reference 
to Diagnosis and Management, Laryngoscope 37:897, 1927. 
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In chronic purulent otitis media we have to be pushed before we dare diagnose 
or even awake to the suspicion of intracranial disease. This is particularly true in 
those cases of chronic purulent otitis media with very little or occasional recurrent 
moisture. The patient becomes sick suddenly and we think of everything but ear 
and intracranial complication. 


The symptoms which, in combination or alone, should turn one’s 
attention to the head are: (1) headache, (2) vomiting, (3) vertigo, 
(4) fever, (5) chills and (6) disturbed ratio between pulse, tempera- 
ture and respiration. 

Slowing of the pulse rate is observed in from 30 to 65 per cent of 
most cases of intracranial disease. It seems that this is probably due 
to toxic irritation of the vagus center. The mortality is much greater 
in cases with bradycardia than in those in which the pulse rate corre- 
sponds to the temperature. 

I shall discuss at length only the three most common types of intra- 
cranial complications. Bowers? reported two cases of cavernous sinus 
thrombosis associated with (1) acute purulent otitis media and (2) 
mastoiditis. Maybaum* reported one. This is a rare condition, with 
about twenty-six cases reported in the literature. The onset is usually 
sudden, and the duration is short. The usual symptoms in all cases are: 
ophthalmoplegia, proptosis, chemosis, tortuosity of the veins of the 
fundus with possibly retinal edema and hemorrhage. Culture of the 
blood is nearly always negative. The commonest route taken by 
the infection is through the superior and inferior petrosal sinuses with 
the lateral sinus often not involved. The prognosis is always serious 
and usually fatal. This condition is often unsuspected and diagnosed 
only at autopsy. 

Lampe * reported a case of fracture of the skull following a radical 
mastoidectomy simulating abscess of the brain. When the patient was 
admitted to the hospital one month after operation, he was in a semi- 
comatose state and complained of severe pain on the affected side of 
the head and projectile vomiting. The pulse rate varied from 60 to 65. 
The right pupil was dilated and reacted sluggishly to light and in accom- 
modation. There was external strabismus; the spinal fluid was under 
great pressure but was otherwise normal. Operation revealed a frac- 
ture of the squama which in turn had caused an injury to the posterior 
branch of the middle meningeal forming a large blood clot. The 


2. Bowers, W. C.: Two Cases of Cavernous Sinus Thrombosis Associated 
with Acute Purulent Otitis Media and Mastoiditis, Laryngoscope 37:372, 1927. 

3. Maybaum, J. L.: Cavernous Sinus Thrombosis of Otitic Origin, Ann. Otol. 
Rhin, & Laryng. 30:1061, 1921. 

4. Lampe, H. F.: Fracture of the Skull Following a Radical Mastoidectomy 
Simulating Brain Abscess, Laryngoscope 37:725, 1927. 
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external strabismus and dilated right pupil cleared up while the patient 
was on the operating table after removal of the clot. 

A case of multiple abscesses of the brain reported by Coates and 
Case,° with several others, seems to bear out the fact that these abscesses 
are embolic in origin and arise from an infection of the blood stream. 

Extreme rheumatoid arthritis complicating a case of lateral sinus 
thrombosis was reported by Alden.* This is interesting because of the 
clearcut picture produced by this type of focus of infection. 

A short review of the anatomic considerations is necessary for full 
appreciation of the discussion which is to follow. The petrous bone 
has four surfaces: (1) anterior, (2) posterior, (3) inferior and (4) 
lateral. The inferior surface is the least important, because it has little 
to do with intracranial complications; this is also true of the lateral 
surface. The only important landmark on the anterior surface is the 
eminentia arcuata behind which lies the superior semicircular canal. 
The convexity of the latter is in proximity to the floor of the middle 
fossa, and infection passing through this route produces an abscess of 
the temporal lobe. The posterior surface is the most important because 
so many intracranial complications go through this way. Complications 
of the inner ear pass through the posterior surface, and complications 
of the middle ear through the tegmen tympani or convexity of the 
superior semicircular canal. The important landmarks on the posterior 
surface are: (1) aqueductus vestibuli which is the communication 
between the endolymphatic space of the inner ear and the endodural 
space; (2) aqueductus cochleae which is the communication between 
the perilymphatic space of the inner ear and the subdural space of the 
brain; (3) fossa subarcuata which is rudimentary in human beings 
and contains only connective tissue, and (4) internal auditory meatus. 

I may also add that, as a rule, suppurations which go from the 
inner ear into the brain through fistulas due to pathologic conditions 
produce abscesses, and those which pass from the inner ear into the 
brain through natural ways produce diffuse meningitis. The important 
exception to these rules is the infection that passes through the aque- 
ductus vestibuli; it usually produces abscesses. 


INTRACRANIAL COMPLICATIONS 

Lateral Sinus Thrombosis—The frequency of this condition is 
from 3 to 5 per cent. 

Etiology and Pathology: Chronic mastoiditis and cholesteatomas 
produce the majority of cases of lateral sinus thrombosis. Diminished 


5. Case, E. A., and Coates, G. M.: Ann. Otol. Rhin. & Laryng. 33:335, 1924. 


6. Alden, A. M.: Lateral Sinus Thrombosis with Extreme Rheumatoid 
Arthritis, Ann. Otol. Rhin. & Laryng. 35:561, 1926. 
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resistance and virulent organisms are the chief factors. This state- 
ment is supported by the fact that this complication occurs more 
frequently in children with disease of the middle ear complicating an 
acute exanthem that has caused severe depletion, when the offending 
organism is usually Streptococcus hemolyticus. 

The diagnosis would be easy to make in every case if all the typical 
symptoms were present, but unfortunately these are frequently absent. 
No cases in which surgical intervention is indicated calls for more 
experience or better judgment than do such cases. 

The most outstanding symptoms in lateral sinus thrombosis seem 
to be the euphoria and the wide, sharp oscillations of temperature. 
These two symptoms are usually present. Bacteremia may or may not 
be present. A negative culture does not exclude sinus thrombosis, nor 
does a positive one clinch the diagnosis. In about one of every four 
cases is there a positive bacteremia. Although a number of cases of 
lateral thrombosis in which chills did not occur have been reported, one 
should be constantly on the lookout for this ever important symptom. 
Leukocytosis with a fairly high polymorphonuclear count is usually m4 
present, although not so high as in meningitis or abscess of the brain. 

If fever reappears after an interval of normal temperature which 
has followed the establishing of adequate drainage in a case of mas- 
toiditis, one should always be suspicious of a sinus infection. A sudden 
reappearance of fever after an acute purulent otitis media has been 
cured for some time should also bring the foregoing diagnosis to mind. 

Diagnosis: In the differential diagnosis, one must rule out typhoid 
fever and malaria. 
















Treatment: Otitides of more than two weeks’ duration which ry 
present a picture of sepsis otherwise unaccounted for should be studied 
with the possibilities of a sinus thrombosis in view, and a blood culture 
should be taken. If the blood test is repeatedly negative, the clinical 
signs should determine whether or not the mastoid and sinus should be 
explored; it should be kept in mind that all types of mastoid infection 
are not alike, and that some present graver risks to the patient than 
others. A most practical and reliable sign, if one side is thrombosed, is 
the production of intense and immediate headache when one compresses 
the opposite or normal jugular vein. 7 

One should study the mastoid carefully at the time of operation, H 
making all necessary exposures of sinus and dura if suspicion warrants 
it. A perisinus abscess without granulations on the sinus is much more 
to be feared than one with marked granulations which represent a good i 
reaction on the part of nature to overcome the infection. 

As soon as the diagnosis is made, the treatment is purely surgical. 
The first successful surgical procedure along this line was carried out 
by Lane in 1899. Since that time, various methods have been developed 
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for dealing with the sinus, but all carry out Lane’s fundamental idea. 
Some favor ligation of the jugular vein and resection in all cases ; others, 
only when no free bleeding is obtained from the bulb, and some ligate 
only. The advantage of this lies in the fact that if a clot is located in 
the bulb and cannot be removed at operation, one may irrigate the vein 
and bulb with physiologic solution of sodium chloride in order to dis- 
place the clot. Results show little difference. 

My technic in ligating the jugular vein is as follows: 1. Always 
ligate before opening the sinus. 2. Select healthy tissue (to tie 
jugular). 3. Ligate above facial branch when possible. 4. If facial 
branch is high, tie jugular and facial vein separately. The last two steps 
are taken to prevent collateral circulation. 

It seems unnecessary to deal with the treatment of the sinus itself, 
as almost every one follows the same cardinal principles. 

One should use as little pressure and packing as possible in order to 
obtain hemostasis. Optic neuritis has followed operation for lateral 
sinus thrombosis, and it is a question whether the neuritis is really due 
to the obstruction of the vessel or to pressure against the brain. 

Prognosis: A number of patients with lateral sinus thrombosis 
recover spontaneously, and the condition is not diagnosed. The prog- 
nosis is good when the tongue is moist and not very coated, and 
when the temperature comes down by lysis after operation. If the 
temperature returns to normal the first day after operation, and if the 


ratio between temperature and pulse is abnormal, the prognosis is poor. 
One should always be on the lookout for an infected clot when pressure 
has been made with plugs instead of a sterile clot which should be there. 
This is because the operator does not get around the phlebitis entirely, 
and the two walls of the vein are infected. 


Abscess of the Brain—This condition comprises from 2 to 3 per 
cent of the intracranial complications; from 60 to 70 per cent of the 
abscesses occur in the temporosphenoidal area; from 20 to 25 per cent 
in the occipital region, and from 10 to 15 per cent in the cerebellum. 

Etiology and Pathology: Chronic purulent otitis media produces 
far more abscesses of the brain than acute purulent otitis media, and 
also more cerebellar abscesses in proportion. Streptococcus is the most 
common organism. Any germ in acute purulent otitis media may cause 
an abscess. A pure culture is more frequent than a mixed one. The 
classification, limitation and structural arrangement of abscesses of the 
brain depend on the texture of the brain substance and the mode of 
entrance of the infection. The direct spread of the infection up through 
the tegmen tympani causes the greatest number of temporosphenoidal 
abscesses, while the majority of cerebellar abscesses are thought to be 
embolic in origin, the infection being carried through the blood stream. 
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As a general rule, the majority of abscesses are situated near the 
diseased area of bone forming the immediate pathway of intracranial 
infection. In a minority of cases, however, a considerable distance 
intervenes between the osseous lesion and the resulting abscess. An 
infection of the middle ear may entirely heal before symptoms of an 
abscess appear. And the latter, having become encapsulated, may 
remain absolutely without symptoms for many months. 

Diagnosis: A large number of these patients are moribund when 
first seen. Therefore, it is a difficult and many times an impossible task 
to make any diagnosis. The localization is inaccurate, and the data 
obtained questionable. The vital point to be determined is the presence 
of an intracranial suppuration in its early stage before evidence of 
compression has become manifest. 

Headache is perhaps the most common symptom. It may be dull 
or acute, local or general, on the same or the opposite side of the aural 
infection. The temperature is usually subnormal. It may be normal, 
however, or rise extremely high at one point and then drop again, pro- 
ducing a characteristic curve. The pulse and the respiration are slow 
at first, but may be fast in the terminal stages. The patient frequently 
complains of being chilly, but definite chills do not occur as in sinus 
thrombosis. 

Vomiting is a characteristic sign. It is projectile in type, bearing 
no relation to the intake of food. It is intermittent and not severe at the 
onset, making one think it is due to diet. In children convulsions are 
frequent although infrequent in adults. 

When pressure symptoms predominate, the senses become blunted, 
cerebration is slow, the latent period is increased and the mind is dull. 
Later, periods of alertness and clearness of mind alternating with 
unconsciousness appear, as well as stupor, incontinence, coma and 
respiratory failure. 

Optic neuritis is an important confirmatory sign, but its absence does 
not rule out abscess. This develops sooner and is more severe in infec- 
tions of the posterior fossa than in those of the middle or anterior fossa. 
It is rarely followed by atrophy if the pressure is relieved. 

One of the characteristic symptoms of a developing abscess is the 
progressive ill health shown by a coated tongue and a loss of appetite and 
weight. The last two symptoms are especially marked in a lesion of 
the cerebellum. 

The localization of an abscess of the brain in obscure cases will tax 
the ingenuity of the best clinician. It may not be from a lack of study 
and correlation of facts in a given case that an incorrect diagnosis is 
made. Otoscopy with functional test of the ear and comparison with 
clinical symptoms which can be attributed to the condition of the ear 
is the safest aid to a correct diagnosis. Vestibular tests are of value in 
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determining the presence of an intracranial involvement and whether 
an abscess, if present, is cerebellar or temporosphenoidal. As intra- 
dural suppuration does occur without indicative manifestations, it is a 
wise precaution to determine the labyrinthine reactions prior to all 
operations on the mastoid, as sometimes the Barany tests give the only 
clue to an intracranial lesion. If this reaction is normal, the abscess is 
more than likely in the temporal lobe, while if the labyrinth is involved, 
the abscess is in the cerebellum. This is more likely if the patient 
presents a staggering gait and projectile vomiting. 

A characteristic symptom of a cerebellar abscess is nystagmus which 
is not continuous, and which changes its direction frequently and is 
sustained. The patient will fall toward the affected side, and this 
phenomenon is not changed by altering the position of the head. Vertigo 
is marked, with inability to balance and coordinate normally; falling, 
past pointing, ataxia, loss of muscle tone and intention tremor are com- 
mon. Dysdiadokokinesia and paralysis of the muscles of the face and 
extremities on the same side as the lesion are frequent. Marked deaf- 
ness occasionally occurs, indicating involvement of opposite auditory 
tracts by pressure. Rotary nystagmus toward the affected side plus a 
dead labyrinth, a slow pulse and low temperature, and often optic 
neuritis are practically always indicative of a cerebellar lesion. 

Kerrison’ stated that recurrent vomiting with vertigo, rotary 
nystagmus and nausea, the symptoms showing signs of abatement, is 
characteristic of labyrinthitis. If no nausea is present and the symp- 
toms increase, the lesion is probably a cerebellar abscess. 

Temporosphenoidal abscesses are much more common than cere- 
bellar, the ratio in children being quoted as around six or seven to one 
and in adults about two to one. The presence of an aphasia, pupillary 
changes in the eye corresponding to the same side of the suspected 
abscess, and contralateral paralysis, pronounced in the face, arm and 
hand, but slight or absent in the lower limb, along with the other symp- 
toms common to both lesions, point strongly to a temporosphenoidal 
lesion. 

Differential Diagnosis: Incipient polyencephalitis, acute toxic 
meningo-encephalitis, brain tumor and diffuse suppurative labyrinthitis 
are perhaps the most common conditions for which an abscess of the 
brain may be mistaken. Without the presence of focal symptoms, the 
diagnosis is difficult. 

The treatment is surgical, and its purpose is to evacuate pus and 
establish drainage. Even with this accomplished there are many dangers. 


7. Kerrison: Diseases of the Ear, Philadelphia, J. B. Lippincott Company, 
1923. 
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to be considered, namely: (1) meningitis, (2) hernia of the brain and 
(3) dissemination of infection. 

Cahill*® attempted to produce protective adhesions of the pia- 
arachnoid prior to the dural incision and later established drainage by 
the Mosher wire gauze cone sutured into the dural opening. 

Dowman ® advocated the induction of protective adhesions between 
the cortex of the brain and the dura before the establishment of 
drainage. 

King *° created a large cranial defect directly over the abscess cavity, 
with “unroofing” of the cavity and complete herniation or eversion of 
the same. He then treated the involved area by irrigating with a solu- 
tion of chlorinated soda. 

When one is so fortunate as to find a dural fistula and pus is seen 
escaping therefrom, no attempt should be made to enlarge the dural 
opening, because these fistulous tracts may be depended on to maintain 
adequate drainage. The proof of this lies in the fact that the large 
majority of patients in these cases recover. 

Prognosis: A mortality rate of 40 per cent or more gives any case 
of abscess of the brain, to begin with, a grave prognosis. One should 
always consider the prolonged convalescence and the dangers accom- 
panying the same before expressing too much optimism over the out- 
look. The cases in which there is no relief following surgical 
intervention usually terminate fatally. 

Meningitis—The frequency of meningitis is from 5 to 7 per cent. 

Etiology: The etiology is practically the same as that in sinus 
thrombosis and abscess of the brain. 

Pathology: Kerrison’s classification of meningitis is as follows: 
(1) pachymeningitis, (2) serous meningitis, (3) circumscribed purulent 
leptomeningitis and (4) diffuse purulent leptomeningitis. The first 
two are local, the third gives a sterile culture or few organisms and the 
fourth shows numerous organisms and is nearly always fatal. 

Pachymeningitis is characterized by circumscribed areas of dura 
being thickened, congested and covered with granulations. This is fre- 
quently found in extradural abscesses and. often not suspected before 
operation. It does not prove serious unless neglected, and. surgical 
treatment is the only rational one. 

Serous meningitis may be secondary to pachymeningitis and also 
may complicate an extradural abscess. The arachnoid and pia mater 


8. Cahill: Tr. Am. Otol. Soc. 17:42, 1925. 

9. Dowman, C. E.: The Treatment of Brain Abscess by the Induction of. Pro- 
tective Adhesions Between the Brain Cortex and the Dura Before the Establish- 
ment of Drainage, Arch. Surg. 6:747 (May) 1923. 


10. King, J. E.: Treatment of Brain Abscess, Arch. Otolaryng. 1:26 (Jan.) 
1925. 
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are congested and edematous, but have escaped actual infection. Pus 
and bacteria are not present in the spinal fluid. 

Circumscribed purulent leptomeningitis denotes a suppurative 
inflammation involving the arachnoid and pia mater over a limited area. 
The extension of the process has been walled off by nature’s effort to 
overcome the infection. Lumbar puncture, however, may reveal fluid 
containing pus and bacteria. 

Diffuse purulent leptomeningitis is a suppurative inflammation of 
the meninges which has reached the subdural and subarachnoid spaces, 
involving the arachnoid and pia mater, and spreading widely with no 
tendency to limitation on the part of nature. 

Diagnosis: The diagnosis of meningitis is not so difficult as that of 
sinus thrombosis or absence of the brain. The majority of cases, espe- 
cially those of diffuse purulent leptomeningitis, are well defined and 
present a clearcut picture. 

The patient is always extremely restless, complains of a severe 
headache and is never contented. Carphologia is characteristic, and 
it is difficult to keep covering over the patient’s body. The temperature 
is high and continuous, and the pulse rate depends on the stage of the 
disease. Reflexes are increased at the beginning and decreased or 
absent in the last stage. 

Rigidity of the muscles of the back of the neck usually appears on 
the second or third day, and sooner or later photophobia becomes a 
prominent symptom. In the final stage, the mental condition changes 
from one of extreme restlessness to delirium. Changes in the pupils 
and eyegrounds are common. The blood count is always high, showing 
a leukocytosis with a high percentage of polymorphonuclears. Lumbar 
puncture may show a cloudy spinal fluid with the presence of pus and 
bacteria and a decrease or absence of sugar before any of the clinical 
symptoms appear. Therefore, in any suspected case of meningitis, 
this procedure should be always carried out before a definite conclusion 
has been reached, as it may furnish the only reliable data as to the nature 
and gravity of the lesion. 

Treatment: In cases of meningitis which are otitic in origin, sur- 
gical treatment should be instigated as soon as possible. Thorough 
removal of all diseased structures contiguous to the meninges with free 
exposure of the adjacent dura will usually suffice in the first three types 
of cases. If this operation does not bring about prompt relief from 
the meningeal symptoms, then the dura should be incised. 

For cases of diffuse purulent leptomeningitis no satisfactory treat- 
ment has been found. There have been a few recoveries reported, most 
of them obtained by frequent lumbar or cisternal punctures. Of late, 
continuous drainage of the spinal cord by the removal of a lamina and 
the insertion of a drain has been advocated. 
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Prognosis: In types 1 and 2 the patients usually recover, provided 
they receive prompt and proper attention; in types 3 and 4 the prog- 
nosis is grave, and only about 1 per cent or less of the patients recover. 
Circumscribed leptomeningitis is usually the precursor of diffuse 
purulent leptomeningitis, and after the former has been converted into 
the latter, death nearly always results, no matter what the treatment 
may be. 

CONCLUSIONS 

During the past few decades, intracranial complications arising from 
purulent otitis media have taken a front rank in the realm of medicine. 
Owing to a lack of knowledge concerning fundamentals governing them, 
this group of cases at first did not receive the detailed study necessary 
to accomplish a great deal. Review of the recent literature, however, 
shows much progress in the diagnosis, treatment and management of 
sinus thrombosis and abscess of the brain, but little, if any, in men- 
ingitis. 

From the statistics published in this paper, one will readily notice 
that the frequency of intracranial complications from purulent otitis 
media is far greater than the average physician realizes, and every 
abscessed ear, whether the condition is acute or chronic, should receive 
constant and accurate attention, which means that the patient should be 
directly under the observation of a specialist. 











JOHN BROWN ON MEDICAL EDUCATION * 


JEROME R. HEAD 


The present system of medical education has many virtues, and many 
of its evils are inherent in the variable natures of individual students 
and professors. The four years of preclinical study make certain that 
the students are exposed thoroughly to the sciences that are the founda- 
tion of the profession. If it is complained that these subjects are taught 
by men who know little of practical medicine, it can be said with equal 
justice that for this reason they are probably taught with greater thor- 
oughness. And to those who say that it is absurd to spend four years 
on these and then but two on the art that is so long to learn, it can be 
answered that the students will spend the rest of their lives in acquiring 
clinical experience, whereas but few will refer again to their preclinical 
textbooks. In defense of his lectures, quizzes and cramming, the clinical 
man can justly say with Lord Granville that medicine is a large and 
difficult subject and that somehow or other the field must be covered and 
the student be made acquainted, at least by name, with much that he 
may later encounter intimately. 

In spite of these virtues and these arguments, there is general dissat- 
isfaction with the existing curriculum, and it is the belief of many that 
it can be changed for the better without slighting the basic sciences, 
rather with teaching them to better advantage, and without passing over 
ground that should be covered. The focus of criticism is on the gap 
that exists between the preclinical and the clinical years and on the 
system of teaching by book and by lecture rather than by experience 
and example. Certainly, it is true that the first years are too purely 
scientific, and the last too purely clinical, and it is equally true that that 
which is learned at first hand is learned best. Could the sciences be 
taught more in conjunction with the clinical subjects and these more in 
the light of the sciences, and could the students spend more time in 
supervised activity in the wards and in the dispensary, it is reasonable 
to believe that they would be graduated, and would continue to be, more 
scientific and more practical physicians than they are today. There is 
a touch of absurdity in teaching separately these subjects that are useful 
only when mixed, as if a housewife instead of making a cake were to 
serve first the flour, then the sugar, the eggs and so on, and expect those 
served to synthesize an idea of how excellent a cake she might have made 
of them. 


* From the Department of Surgery of the Medical School of the University of 
Tilinois. 
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Because so many of his remarks are pertinent to these problems, it 
has seemed worth while to call the attention of those interested to the 
writings of John Brown of Edinburgh. A product of the older practical 
curriculum and the apprentice system and a witness of the growth of the 
sciences and their entrance into the courses, he was in an excellent posi- 
tion to note the effects of the changes; and, being by choice and talent 
a writer as well as a physician, he could tell effectively of what he had 
observed. 

John Brown was born in Scotland in the year 1810. Descended 
from three generations of country preachers, he escaped the family call- 
ing, and studied medicine in Edinburgh. For a time he was a student 
and assistant of Syme’s, but later, staying in Edinburgh, he took up the 
practice of general medicine. In his spare hours, he wrote essays, and 
it is for these chiefly that he acquired fame in his lifetime and that he 
has been remembered since. His practice, perhaps because he was too 
successful as a writer, was never large. His essays need not be apolo- 
gized for as the works of a physician. He was the friend of Ruskin, 
Carlyle, Holmes and many other men of letters in his and other countries. 
Although he is known chiefly as the author of “Rab and His Friends,” 
his miscellaneous essays, medical, and on men and the arts, are no less 
excellent. Without attempting to describe the qualities that made him 
great, I will say merely that, as he was one of the few practicing physi- 
cians who wrote well on medical and other subjects, his works should 
be read by all men of medicine. He died in 1882 at the age of 72. 

In the first volume of “Spare Hours,” and especially in the intro- 
duction and the essay on Locke and Sydenham, he set forth his ideas on 
medical education. The tenor of these can be judged from the following 
paragraph in the introduction in which, speaking of his essays, he said: 


If they are of any use, it will be in confirming in the old and impressing on 
the young practitioners of the art of healing, the importance of knowledge at 
first hand; of proving all things and holding fast only that which is good; of 
traveling through life and through its campaigns, as far as can be, like Caesar— 
relictis impedimentis—neither burdened over much with mere word knowledge, nor 
led captive by tradition and routine, nor demoralized by the pestilent lusts of 
novelty, notoriety, or lucre. 


In the face of the rising tide of science, he emphasized the fact, then 
and even now a bit likely to be forgotten, that much of medicine is and 
must always be an art. In his own words, he “iterated and reiterated 
the necessary differences between speculative science and practical art 
and championed what Sydenham called ‘the ancient and serious diligence 
of Hippocrates’ and the necessity of learning of disease by dealing with 


it.” “We are nowadays,” he said, “in danger of neglecting the art in 


“mastering our science, though medicine in its ultimate resort must always 
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be more of an art than a science.” The following passage which he 
quoted from Sydenham should be set above the portals of all schools of 
medicine : 





Having returned to London, I began the practice of medicine, which, when I 
studied curiously and with most intent eye and utmost diligence, I came to this 
conviction, which to this day increaseth in strength, that our art is not to be better 
learned than by its exercise and use, and that it is likely in every instance to prove 
true, that those who have directed their eyes and their minds the most accurately 
and diligently to the phenomena of disease will excell in eliciting and applying the 
true indications of cure. 


Of Sydenham, he wrote: 


He is constantly inculcating the necessity of getting our diagnostic knowledge 
at first hand, ridiculing those descriptions of disease which the manufacturers of 
“bodies of Medicine,” “Hand Books,” and such like, make up in their studies, and 
which are oftener compositions than portraits, or at the best bad copies and which 
the young student will find it hard enough to identify in real life. There is too 
much of this we fear still; and Montaigne, who rejoices at a sly hit at his cronies, 
the doctors, might still say with some reason, “Like him who paints the sea, rocks, 
heavens, and draws the model of a ship as he sits safe at his table; but send him 
to sea, and he knows not how or where to steer; so doctors oftentimes make such 
a description of our maladies as a town crier does of a lost dog or donkey, of such 
a color and height, such ears, etc.; but bring the very animal before him and he 
knows it not for all that.” 

































Not only did he think that much of medicine can be learned best at 
first hand, but he believed that it cannot be learned otherwise. Again 
speaking of Sydenham, he said: 





His inborn gifts and much of what was most valuable in his experience were 
necessarily incommunicable to others, this depending somewhat on his forgetting 
the process by which, in particular cases, he made up his mind, and its minute suc- 
cessive steps, from his eagerness to possess and put in action the result, and 
likewise from his being confident in the general soundness of his method, and 
caring little about formally recording to himself his transient mental conditions, 
much less announcing them particulately to others; but mainly, we believe, because 
no man can explain directly to another man how he does any one practical thing, 
the doing of which he himself has accomplished, not at once, or by imitation, or by 
teaching, but by repeated personal trials by missing much before ultimately hitting. 


In the same vein he continued: 





You may be able to expound excellently to your son the doctrines of gunnery, 
or read him a course of lectures upon the principles of horsemanship, but you 
cannot transfer to him your own knack. as a dead shot or make him keep his seat 
over a rasping fence. He must take pains to learn these for himself, as you have 
done before him. Thus it is that much of the best of a man like Sydenham dies 
with him. 






As to the distinction between the art and the science of medicine, he 
wrote: 
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This is what makes medicine so much more of an art than a science and 
dependent so much more upon the agent than upon his instructions, and this it is 
that makes us so earnest in our cautions against the supposition that any amount 
of scientific truth, the most accurate and extensive, can in medicine supercede the 
necessity of the recipient of all this knowledge having, as Richard Baxter says, by I 
nature “a special sagacity,” a naturally searching and conjecturing turn of mind. 
Moreover this faculty must be disciplined and exercised in its proper function, by 
being not only a hearer, but also a doer, an apprentice as well as a student, and by 
being put under the tutorage of a master who exercises as well as expounds his 
calling. 
This subject of art and science [he said] is hinted at with his usual sagacity by 
Plato in a singular passage in his Theaetetus: “Particulars,” he said, “are infinite 
and the higher generalities give no sufficient direction in medicine; but the pith of 
all sciences, that which makes the artsman differ from the inexpert, is in the 
middle propositions, which, in every particular knowledge, are taken from tradition 
and experience.” 





Explaining this, or, as he said, “treating it exegetically,” the author, 
that is, John Brown, wrote: 


Scientific truth is to the mind of the physician what food is to his body; but 
in order to keep his mind being nourished and growing by this food, it must be 
assimilated—it must undergo a vital internal change—must be transformed, 
transmuted and lose its original form. This destruction of former identity—this 
losing of itself in being received into the general mass of truth—is necessary in 
order to bring abstract truth into the condition of what Plato calls the “middle 
propositions,” or, as Mr. Mill calls them, “the generalities of knowledge.” These 
are such truths as have been appropriated and vitally adopted by the mind, and 
which, to use Bacon’s strong words, have been “drenched in flesh and blood,” 
have been turned “in succum et sanguinem.” 





Of the manner of acquiring this true knowledge, facts “drenched in 
flesh and blood,” he wrote: 












And. every man who is in earnest, who looks at nature and his own proper i 
work with his own eyes, goes on through life demolishing as well as building up iF 
what he has been taught and what he teaches himself, he must make a body of 
medicine for himself, slowly, steadily, and with a single eye to the truth. He must 
not on every occasion run off to his cyclopaedias, or still worse, to his manuals. 
For in Physic, as in other things, men are apt to like ready made knowledge; 
which is generally as bad as ready made shoes or a second hand coat. 







As we have already seen, he had little use for lectures, for talking 
of and about or for reading as the only methods of learning medicine. 
From this point of view, he criticized the curriculum then existing as 
follows: 
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Now everything, or at least most, is done in public, in classes, and it is neces- 
sarily with the names of things rather than with the things themselves, or their 
management, that the young men have chiefly to do. The memory is exercised 
more than the senses or the judgment; and when the examination comes, as a 
matter of course the student returns back to his teacher as much as possible of 
what he has received from him and as much as possible in his very words. He 
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goes over innumerable names. There is little opportunity even in anatomy for 
testing his power or his skill as a workman, as an independent observer and judge, 
under what Sir James Clark justly calls “the demoralizing system of cramming.” 
He repeats what is already known; he is not able to say how all or any of his 
knowledge may be turned to practical account. Epictetus cleverly illustrates 
this very system and its fruits: “As if sheep, after they have been feeding, should 
present their shepherds with the very grass which they had cropped and swal- 
lowed, to show how much they had eaten, instead of concocting it into wool and 


milk.” 
Of the results of this system, he drew an amusing picture. “Often,” 
he said, “when I see some of our modern Admirable Creightons leaving 
their University armed cap-a-pie, and taking the road where they are 
sure to meet with lions of all sorts, I think of King Jamie in his full 
armor. ‘Naebody daur meddle wi’ me’ and, with a helpless grin, ‘I daur 
meddle wi’ naebody.’”’ And he contrasts the product of the schools with 
“ “the raw prentice lad whom Gideon Gray had sent up from Middlemas 
to the head of Caddon Water to deliver the herd’s wife, and who, 
finding her alone and sinking from uterine haemorrhage, and having got 
the huge flaccid deadly bag to contract once more, imprisoned it in a 
wooden wicker or bowl, with a tight binder over it, leaving his hands 
free for other work. This rough and ready lad has probably more of 
the makings of a village Abercrombie than the pallid and accomplished 
youth who is spending his holidays at the next farm, and who knows all 
for and against Dr. R. Lee’s placental and cardiac claims, and is up to 
the newest freak of the Fallopian tubes and their fimbriae, or the very 
latest news from the ovisac and the corpora lutea.” 

The practice of medicine is not a thing of books and of laboratories, 
and he questioned the value of the cramming system in preparing men 
for this profession “where you must mend your watch while it is run- 
ning, must shoot your game on the wing.” 

“To be sure,” he said, “there may be boys who can know everything,. 
and do the one thing that is needed, but the mental faculties, or capacities 
rather, that are cultivated and come out strong in the cramming system,, 
are not those on which we rely for safe, ready and effectual action.” 

The solution of the problem is suggested in its statement. If medi- 
cine is to be learned only in the doing, then by all means the students 
should be allowed to do. “And here it is,” he said, “that we have given 
up the good of the old apprenticeship system, along with its evil. This 
will remedy itself. The abuse of huge classes of mere hearers of the 
law, under the professor, has gone, I hope, to its utmost, and we may 
now look for the system breaking up into small bands of doers acting 
under the master, rather than multitudes of mere listeners, and not 
unoften sleepers.” 


In another place, he spoke a good word for the “old ‘prentice 
system’.” 
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We have often thought that the apprenticeship system is going too much into 
disrepute. It had its manifest and great evils; but there was much good got by it 
that was not to be got in any other way. The personal authority and attachment, 
the imitation of their master, the watching his doings and picking up odds and 
ends of his experience, the coming under the influence of his mind, following his 
steps, looking with his eyes and unconsciously accumulating a stock of knowledge, 
multifarious though it might be, the good of which was not fully known until 
after years explained and confirmed its worth. 






























He quoted an imaginary picture of the curriculum that would have 
been prescribed by the old masters. “‘Had the office of settling the kind 
and amount of medical education been committed to Gregory, and 
Heberden, and Baillie, they would, I am persuaded have made the indes- 
pensable subjects of education very few, and the lectures very few too. 

“They would have made the attendance upon the sick in the hospitals 
a constant, systematic, and serious affair.” 

From the foregoing quotations, one might justly conclude that the 
author would not find any room for the sciences, that he regarded them 
as unnecessary ornaments. This is not the case. If he gave this impres- 
sion, it was merely that he was championing a waning cause. The 
sciences, he knew, did not lack praising; the art, he felt, did. That he 
did value them and that he did believe they should be taught thoroughly, 
but that he believed, as many do nowadays, that they were not taught 
sufficiently in their application, is evidenced by the following passage: | 

















In this intensely scientific age we need some wise heads to tell us what not 
to learn or to unlearn. Let us by all means avail ourselves of the unmatched 
advantages of modern science and of the discoveries which are everyday multi- 
plying with a rapidity that confounds, let us convey into and carry in our heads i 
as much as we safely can of new knowledge from chemistry, statistics, the i" 
microscope, the stethescope, and all new helps and methods; but let us go on 
with the old serious diligence—the experientia as well as the experimenta. Let us 
look with our own eyes and feel with our own fingers. . . . The great problem in 
the education of young men for the practice of medicine in our times, is to know 
how to make the infinity of particulars, the prodigious treasures of mere science, 
available for practice—how the art may keep pace with and take the maximum d 
of good out of the science. . . . We are now in our plans of medical educa- : 
tion aiming too much at an impossible maximum of knowledge in all, meanwhile ny: 
missing greatly that essential minimum in any which, after all, is the one thing we if 
want for making a serviceable staff of doctors for the community. When too 
much is exacted, too little ‘will be learned. 










Thus, he was doubtful whether or not the science should be taught 
as if each student were to be a research chemist, a histologist or a 
pharmacist. He said: 







————————————————— 








It is the remark of a profound thinker that all professional men labor under a 
great disadvantage in not being allowed to be ignorant of what is useless; everyone 
fancies that he is bound to receive and transmit whatever is believed to have beer 
known. And it seems to be a wise and benevolent, though by no means an obvious 
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arrangement of a Creative Providence that a certain degree of oblivion becomes 
a most useful instrument in the advancement of human knowledge. 


On this subject, he concluded in his original vein: 


Our ordinary senses, our judgment, and our law of duty, must make up the 
prime means of mastering and prosecuting with honor and success the medical, 
or indeed any other profession founded upon the common wants of mankind. 

Microscopes, pleximeters, the nice tests of a delicate chemistry, and all the 
transcendental apparatus of modern refinement, must always be more for the few 
than the many. Therefore it is that I would insist more and more on immediate, 
exact observation and individual judgement as the mainstays of practical medicine. 
From the strenuous, life-long, truth-loving exercise of these let no amount of 
science, however exquisite, decoy the student ; and let him who has them not, greatly 
long after, as he will greatly miss, these higher graces of the profession. 


What would be the function of the teacher in a curriculum of the 
kind suggested can be surmised from what has already been said. Cer- 
tainly he would not be the lecturer, the reader of the law, “to mere listen- 
ers and not unoften sleepers;’ and he would not be the lord high 
director of cramming, or the shepherd who received back from his sheep 
the undigested hodge-podge he had fed them. Rather would he be like 
Locke and Sydenham who “professed to be more of guides than critics 
and were the interpreters and servers of nature, not her diviners and 
tormentors. They pointed out a way and walked in it; they taught a 
method and used it.” He would be like Dr. Latham who “in leading 
his pupils into the wards of St. Bartholomew’s made the following 
beautiful remark: ‘In entering this place, even this vast hospital, where 
there is many a significant, many a wonderful thing, you shall take me 
along with you and I will be your guide. But it is by your own eyes 
and your ears and your own minds, and (I may add) by your own 
hearts, that you must observe, and learn, and profit. I can only point 
to the objects and say little else than see here, and see there’.” 

The school then would be composed of groups of doers under the 
master, and the master would teach clinical methods and a scientific 
point of view and would consider it more worth while to arouse curiosity 
than to impart facts. He would teach by example and direction, and 
would be one to be consulted and questioned. If he himself asked ques- 
tions it would be not to quiz, but rather in the spirit of Socrates, to 
stimulate the student to think for himself and to think reasonably. If 
he succeeded in imparting a method and a point of view and in arousing 
curiosity, he would be content, knowing that his students, after they left 
school, would go on learning for themselves and would be in a way, even- 
tually, to become good physicians. 

As the sciences grow and the courses increase in number, other sub- 
jects are being crowded from the curriculum. There is no longer any 
time for literature or the arts, much less for Greek or for more Latin 
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than is required. The cry is for more science in a shorter time, and the 
other courses are considered ornaments that can be dispensed with. To 
omit the author’s ideas on this subject would be to pass over an important 
aspect of his thoughts on medical education. They are expressed in the 
following passage, which he quoted from Dr. Latham: 


I wish to see physicians still instituted in the same discipline and still reared in 
fellowship and communion with the wisest and best of men, and that not for the 
sake of what is ornamental merely, and becoming to their character, but because 
I am persuaded that that discipline which renders the mind most capacious of 
wisdom and most capable of virtue, can hold the torch and light the path to the 
sublimest discoveries in every science. It was the same discipline which con- 
tributed to form the minds of Newton and of Locke, of Harvey and of Sydenham. 


In the foregoing quotations, there are few ideas that are new; and, 
| daresay, in gatherings of medical educators, many of them are truisms. 
Yet a glance around will convince any one that they are not yet suffi- 
ciently learned, and, therefore, that even today the author would have 
been justified in iterating and reiterating the necessary difference and 
the regrettable gap between the art and the science of medicine. 

I will close by expressing the hope that these quotations may stimu- 
late some to make or to remake the acquaintance of this Scotch physician 
who, like Oliver Wendell Holmes, Weir Mitchell and a few others, was 
a contributor to two arts, medicine and literature. 

























PYELITIS, URETERITIS AND CYSTITIS CYSTICA-. 





REPORT OF A CASE SHOWING UROGRAPHIC EVIDENCE OF THE 
LESION IN THE URETERS AND PELVES * 


JAMES J. JOELSON 





Pyelitis, ureteritis and cystitis cystica is a condition characterized by 
the presence of numerous small cysts of the mucous membranes of the 
urinary tract. The lesion may be limited to the bladder, but frequently it 
is found to be present also in the ureter and renal pelvis. Bullous edema 
of the bladder may sometimes resemble or be confused with cystitis 
cystica, but in the latter condition the cysts practically always have a 
definite epithelial lining (Young). 

Probably the first description of this condition was made by Morgagni 
in 1761. Since then, many articles on the subject have appeared. The 
lesion is usually found to be associated with a chronic inflammatory con- 
dition of the urinary tract, and several views have been put forth as to 
the origin of the cysts. Virchow, in his case report, suggested that the 
cysts might be caused by blocking of crypts in the mucosa of the ureter. 
Several other observers have expressed the opinion that the cysts were 
the result of an inflammatory blocking of preexisting mucous glands 
and crypts of the mucous membranes of the urinary tract (Litten), 
but although preexisting glands have been described (Egli, Ham- 
burger) they are by no means constant structures. The view that 
the cysts were of parasitic origin has also been expressed ( Bland-Sutton, 
Eve, von Kahlden, Morris, Pisenti and Voelker). 

The most generally accepted theory is that put forth by von Brunn 
in 1893. He suggested that inflammation of the urinary tract at times 
caused downward proliferation of the epithelium which he termed epi- 
thelial buds or sprouts. Frequently the epithelial connection between 
the surface epithelium and the buds disappeared resulting in small groups 
of epithelial cells lying below the mucous membrane; these groups of 
cells he called epithelial nests. Von Brunn thought that by the degenera- 
tion of the central cells of these small groups of cells cysts were formed. 

Many authors have published articles in which they have agreed, 
some with minor variations, with von Brunn’s views (Aschoff, Harris, 
Jacobson, Liebreich, Lubarsch, Morse, Motz and Cariani, Radtke and 
Saltykow). Herxheimer stated that the cell nests in which the cysts 
originated might follow an inflammatory process or might be caused by 
the elimination of toxic substances. In this way he explained Marck- 


* From the Department of Surgery of the Lakeside Hospital and the Western 
Reserve University School of Medicine. 





Fig. 1—Cystoscopic view of the trigone, showing the numerous small cysts 
scattered.over the surface. 
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Fig. 2—Low power magnification of biopsy specimen, showing cluster of small 
cysts partially covered on one side by bladder epithelium; < 40. Both colloid and 
purulent cystic contents are seen, and there is a diffuse inflammatory infiltration of 
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wald’s case in which that author described ureteritis and cystitis cystica 
in a new-born infant. Stoerk agreed with von Brunn as to the origin 
of the cell nests but considered the formation of the cysts to be due to 
a secretion of the cells rather than a degenerative process. 

Giani has produced cystitis cystica experimentally in rabbits by the 
irritation of a foreign body in the bladder and by curetting the vesical 
mucosa through a suprapubic cystotomy. 























Fig. 3—High power magnification, showing (a) a small epithelial lined space 
which showed no communication with the surface in the serial sections, (b) an 
epithelial lined crypt which did communicate with the surface in the serial sections, 
(c) a larger cyst filled with clear acidophilic colloid material and (d) a flattened 
layer of epithelial cells lining colloid filled cyst; « 120. 


Morse has recently reviewed the literature and has carefully studied 
the urinary tracts of 125 consecutive cases in which necropsies were per- 
formed. He concluded that cysts of the urinary tract were formed 
from the epithelial nests of von Brunn by a process of central degenera- 
tion rather than secretion, that the epithelial buds and cell nests of von 
Brunn were inflammatory in nature but could be found microscopically 
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in the majority of persons over 20 years of age, and that epithelial buds, 
cell nests and cysts were not normally found in the urinary tract. 
Numerous reports of cases of cystitis, ureteritis and pyelitis cystica 
have appeared in the literature, but a review of those articles which were 
available revealed no instance in which the diagnosis of the lesion in the 
renal pelvis or ureter was made by the pyelogram or ureterogram. 


Neither do the textbooks on urology or pyelography mention this possi- 








Fig. 4—High power magnification, showing (a) solid nest of epithelial cells 
which were found by serial sections to be the tip of an epithelial lined crypt, (b) 
small fragment of surface epithelium, (c) epithelial lined crypt and (d) lymphocytic 
infiltration of stroma; 120. 


bility. Since my case presents such definite urographic evidence of 
ureteritis and pyelitis cystica, it seemed desirable to report it. 


REPORT OF A CASE 


History.—J. B., a married Italian woman, aged 44, came to Lakeside Hospital 
on Sept. 11, 1928, because of hematuria. Her past history was essentially negative, 
_as was also her family history. She had had four pregnancies. 
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Fig. 5—High power magnification, showing (a) epithelial lined space beneath 


surface epithelium. It is lined by cuboidal epithelium and did not communicate 


with the surface in the serial sections, (b) small cyst containing a mixture of col- 
loid material and cellular débris lined by flattened epithelium and (c) cuboidal 
epithelial lining of large pus filled cyst; * 120. 
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Her present illness began about thirteen years before admission when she first 
noticed some blood in her urine. Since then there had been repeated attacks of 
hematuria but these were always ‘transient and came on at rather long intervals. 
For many years she had been troubled with nocturia (twice a night) and frequency. 
There had been no dysuria except during her pregnancies when the nocturia and 
frequency also became more marked. 





Fig. 6.—Roentgenogram, showing the shadows of calculi in both kidneys. 


About a week before admission to the hospital, she was suddenly seized with a 
severe abdominal pain, chills and fever which lasted for about a day. The pain 
was most marked in the right lumbar region and was associated with gross hema- 
turia. These acute symptoms lasted only a few days. There was no typical radia- 
tion of the pain nor any nausea or vomiting. 


Physical Examinaiion—The physical examination revealed a somewhat obese, 
well developed woman who did not appear acutely ill or in any pain. The results 
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Fig. 7—Right pyelo-ureterogram and left pyelozgram. Numerous small areas of decreased opacity 
can be seen in both pelves and are probably filling,defects caused by the multiple cysts. Several filling 
defects can also be seen in the dilated right ureter. The insert is a s¢emidiagrammatic drawing to accent 
ate the small filling defects which were noted in the negative. 
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of the general physical examination were entirely negative. The abdominal exami- 
nation showed neither kidney to be palpable, but there was slight tenderness in both 
costovertebral angles and in the suprapubic region. 


Laboratory Observations—Repeated urinalyses showed the urine always to be 
slightly hazy. The reaction varied, at times being acid and at other times being 
alkaline. The specific gravity varied between 1,006 and 1,018. Occasionally a 
faint trace of albumin was found. Sugar was never present. Microscopic exami- 
nations showed many pus cells to be present on all examinations, and on several 
occasions many red blood cells were found. ~The blood count showed 90 per cent 
hemoglobin, 4,500,000 red blood cells and 9,000 white blood cells. The Wassermann 
reaction of the blood was negative. Blood urea was_26 mg. per hundred cubic 
centimeters. Phenolsulphonphthalein test showed 75 per cent of the dye to be 
excreted in two hours and ten minutes. 

Roentgenograms of the urinary tract showed shadows of increased density 
which suggested multiple calculi of fairly large size in both kidneys. The location 
of these calculi seemed to be in the calyces ofthe kidneys rather than in the 
pelves. (fig. 6). 

Cystoscopic Examination—The instrument was introduced easily into the blad- 
der. The vesical capacity and tone were normal. The entire bladder seemed to be 
normal except for the region of the trigone. Situated just in front of the right 
ireteral orifice was a small, yellowish, egg-shaped tumor mass about 4 mm. in 
liameter which seemed to be definitely pedunculated. In front of the left ureteral 
orifice there was another small pedunculated cystic tumor about 5 mm. high and 
ibout 4 mm, in diameter. Scattered over the trigone were numerous small cysts, 
some of which were semispherical and others oval. None of these ‘small cysts 
showed the pedunculation described for those situated near each ureteral orifice. 
The cysts varied from 2 to 4 mm. in diameter. Toward the central portion of 
the trigone there was an area where many of these cysts were agglomerated and 
had the appearance of bullous edema (fig. 1). By means of cystoscopic rongeurs, 
the small, yellowish tumor just in front of the right ureteral orifice was totally 
excised for microscopic examination, and a piece of the pedunculated tumor from 
the left ureteral orifice was also removed for microscopic examination. The 
pathologic report of these biopsies follows: 

“Histologic Examination: Serial sections of the biopsy, removed from the 
neighborhood of the right ureteral orifice, stained with hematoxylin and eosin, 
show it to consist of a cluster of small, varying sized cysts. The cysts approximate 
one another closely with a scanty intervening stroma of fibrous connective tissue 
which is the seat of a diffuse infiltration of lymphocytes and polymorphonuclear 
leukocytes. One surface of the biopsy is partially covered by a layer of stratified 
columnar epithelium (fig. 2). 

“Beneath the surface epithelium are a number of small epithelial lined spaces 
some of which are mucosal crypts and can be followed to the surface while others 
are entirely closed and correspond to the cell nests of von Brunn (fig. 3). ‘These 
microscopic cysts as well as the downward extensions of the surface epithelium 
are lined by a single or a double layer of cells which range from cuboidal to 
columnar in type. They are devoid of contents~except for an occasional desqua- 
mated epithelial cell. In one section a small solid epithelial cell nest is seen which 


on examination of adjacent sections is found to be the solid tip of an epithelial lined 
mucosal crypt (fig. 4). 


“In addition to the described epithelial spaces and crypts, there are epithelial 
lined spaces some of which are filled with a clear acidophilic material resembling 
colloid, and others with a mixture of colloid and cellular débris. 


One large cyst 
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Fig. 8—Ureterogram of upper left ureter, showing the numerous filling defects 
caused by the cysts. The insert is a semidiagrammatic drawing to accentuate the 
small filling defects which were noted in the negative. 
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Fig. 9—Ureterogram of lower left ureter, showing numerous filling defects 
caused by the cysts. The insert is a semidiagrammatic drawing to accentuate the 
small filling defects which were noted in the negative. 
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(3 mm. in diameter) is filled with partially degenerated lymphocytes and leukocytes 
and is lined by a fragmentary layer of slightly flattened cuboidal epithelial cells 
(fig. 5). The more purely colloid the contents of the cysts are, the greater is the 
flattening of the lining epithelium, and in some of the cysts containing only 
translucent acidophilic material, the lining epithelium is not recognizable. There 
is no relation between the size of the cyst and the cyst contents nor is the size of 
the cyst reflected by the character of the lining epithelium. 

“Sections of biopsy removed from the bladder near the left ureteral orifice 
show it to consist of a few small folds of bladder mucosa covered by stratified 
squamous epithelium. In places there is rather marked epithelial hyperplasia and 
the entire underlying fibrous connective tissue is the seat of mononuclear infiltration. 

“Diagnosis: Cystitis cystica.” 

Several days later, another cystoscopic examination was done, and both ureters 
were catheterized. Several obstructions were met by the catheters on both sides, 
but these were all finally passed. The passage of the catheters up the ureters 
resulted in the escape of blood around the catheters from the ureteral orifices. A 
normal intermittent flow of urine was obtained from both sides. The urine from 
both kidneys microscopically showed pus cells and erythrocytes. One cubic 
centimeter of phenolsulphonphthalein given intravenously appeared from both 
kidneys in three minutes. The right kidney excreted 9 per cent in fifteen minutes. 
The left kidney excreted 8 per cent in fifteen minutes. 

Cultures of the urine from the bladder, right kidney and left kidney all showed 
Staphylococcus albus. 

Pyelograms and ureterograms of both kidneys and ureters were made. These 
showed the shadows previously noted in the regions of the kidneys to be calculi 
situated in the calyces. Both renal pelves were somewhat dilated. The ureters 
showed a rather marked degree of dilatation, and on the right side a kink was 
present. The pyelograms and ureterograms of both sides showed numerous small 
definite filling defects which were about 5 mm. in diameter, which were undoubtedly 
due to small cysts projecting into the lumina of the ureters and pelves. This was 
especially marked in the left ureter (figs. 7, 8 and 9). All pyelograms and 
ureterograms were repeated several times in order to eliminate the possibility that 
the small areas of decreased opacity were caused by air bubbles. 

The patient’s course in the hospital was uneventful. She had no further attacks 
of pain even though she was observed for a period of about two weeks. Because of 
the absence of symptoms and any obstruction and because of the multiplicity of 
the calculi, it seemed inadvisable to attempt any surgical removal of the stones. 


SUMMARY 


1. A case of cystitis cystica, bilateral ureteritis and pyelitis cystica 
associated with bilateral nephrolithiasis is reported. 


2. The ureterograms and pyelograms gave sufficient evidence to war- 
rant the diagnoses of ureteritis and pyelitis cystica. 


3. A comprehensive bibliography is appended. 
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THE RELATIONSHIP OF NONABSORBABLE SUTURE 
MATERIAL TO JEJUNAL ULCER 


AN EXPERIMENTAL STUDY * 


W. J. MERLE SCOTT 


When jejunal ulcers* began to appear as complications of gastro- 
enterostomy, nonabsorbable sutures sometimes were discovered in their 
bases. This quickly led to the assumption of a cause and effect relation- 
ship between the foreign material and the unwelcome sequel. Many 
papers were written on the subject, but the clinical evidence resolved 
itself almost exclusively to the association of the ulcer with a thread 
still retained. Sometimes the suture has been partially cast off but was 
still adherent in the region of the ulcer, or at other times a strand of 
thread or a knot was exposed in the base of the ulcer. But on the 
other hand, the retained suture frequently had no connection with the 
ulcer ; in over one half of the cases the ulcer was away from the suture 
line. The discovery of such a foreign body in the base of a jejunal 
ulcer was so dramatic that little thought was given to whether the 
nonabsorbable suture caused the ulceration or whether it was merely 
exposed as a result of the ulceration. As practically all gastro- 
enterostomies in the early decades of this operation were performed 
with thread of some kind, an imposing number of cases of this type 
was reported from various parts of the world and the sweeping con- 
clusion was reached that nonabsorbable sutures were responsible for 
anastomotic and jejunal ulcer. Some writers went so far as to explain 
those ulcers which form on the wall of the jejunum opposite to the 
anastomosis as being due to trauma from the silk suture as it gradually 
worked itself loose into the lumen of the intestine.* The explanation 
of the traumatization of jejunal mucosa by a piece of silk thread at 
the most about 5 inches (12.7 cm.) long and saturated with fluid shows 
the fantastic extent to which at times this idea was pushed. However, 
the apparent causal relationship of a foreign body in the base of an 
anastomotic ulcer was so striking in numerous instances that most 


*From the Department of Surgery, the University of Rochester School of 
Medicine and Dentistry. 

1. The term jejunal ulcer here and throughout this paper is intended to include 
both the anastomotic (gastrojejunal) ulcer and the ulcer in the jejunum distinctly 
separated from the gastro-enterostomy stoma. 


2. Hurst, A. F., and Rowlands, R. P.: Jejunal and Gastro-Jejunal Ulcers, 
Guys Hosp. Rep. 71:319, 1921. 


3. Wright, G.: Secondary Jejunal and Gastro-Jejunal Ulceration, Brit. J. 
Surg. 6:390, 1919. 
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surgeons believed jejunal ulcers to be due to the retained suture. This 
point of view was especially urged at the Mayo Clinic where it was 
early advocated that catgut sutures alone be used in carrying out any 
type of gastro-enterostomy.* And since this time, with a few exceptions, 
most writers on the subject have advised the avoidance of silk and linen 
in this operative field. 







The clinical evidence, even during that period when nonabsorbable 
sutures were being almost exclusively used, was far from complete. 
Retained silk sutures were found hanging into the lumen of the intestine 
long after gastro-enterostomy without any ulceration.’ Therefore such 






a retained foreign body did not necessarily result in a jejunal ulcer. 
Also, when ulcers did occur they were frequently found in the wall of 
the jejunum entirely separate from the line of anastomosis, either with 
or without a silk suture being retained in the latter. Consequently, 
jejunal ulcers were not necessarily due to a retained foreign body in the 
anastomosis, even when the latter was present. With the wide-spread 
acceptance of the insistant dictum to use catgut alone in gastro- 
intestinal anastomosis, came even stronger evidence that some under- 
lying condition was the cause of jejunal ulcer and that the exposure of 
silk sutures in the base of anastomotic ulcers might well be the result of 
the ulcerative process rather than its cause. It was not many years 
before it became evident that the use of absorbable sutures had not 
prevented the occurrence of anastomotic and other jejunal ulcers,® and 
the hope of avoiding this complication by the choice of one suture 
material in preference to another disappeared. The prejudice against 
the nonabsorbable suture, however, remained, and the argument in 
favor of the absorbable suture was shifted to the position that the 
incidence of jejunal ulcer is not so great when catgut is used throughout 
as when silk or linen is employed.* Although this proposition has 
gained widespread acceptance, satisfactory clinical evidence supporting 























it is almost nonexistent. In order to be of any significance, similar 
series of cases of the same type in which the same operative technic 
was used, except for this difference in suture material, should be com- 
pared. There are scarcely any statistics of this type available. Possibly 
the nearest approach to this is found in the repeatedly quoted figures 
of the Mayo Clinic. In the first gastro-enterostomies performed in this 











4. Mayo, C. H.: Gastric and Duodenal Ulcers, Ann. Surg. 73:328, 1921. 
5. Paterson, H. J.: Jejunal and Gastro-Jejunal Ulcer: Its Etiology and Pre- 
vention, Internat. J. Surg. 33:138, 1920. 

6. Delore, X., and Convert, P.: L’Ulcére peptique du jéjunum consécutif a la 
gastroentérostomie (a propos de cinq observations), Rev. de chir. 58:26, 1920. 

7. Eusterman, G. B.: A Clinical Study of Ejighty-Three Gastro-Jejunal 
Ulcers: Diagnosis Verified at Operation, Minnesota Med. 3:517, 1920. Walton, 
A. J.: Gastro-Jejunal Ulcer, Lancet 2:800, 1925. 
















Desens 


i 





1586 ARCHIVES OF SURGERY 


clinic before 1914, while nonabsorbable sutures were used, 4 per cent 
of the patients returned with jejunal ulcer. Since adopting absorbable 
sutures alone, in 8,000 gastro-enterostomies the proportion of patients 
returning there with jejunal ulcer is about 2 per cent. On the face 
of these figures, apparently the incidence of jejunal ulcer is twice as 
great when nonabsorbable sutures are used as is found with absorbable 
sutures. However, on careful analysis, these data do not fulfill the 
important requirements outlined. The first series includes the patients 
operated on during the experimental stage of gastro-enterostomy.® In 
the second series, the operation had been practically standardized. 
Possibly, but not certainly, the types of patients in the two series were 
approximately the same. There probably were more gastro-enteros- 
tomies performed in the first series for conditions other than demon- 
strable disease of the stomach or duodenum. When gastro-enterostomy 
is performed under such circumstances, as Moynihan '° has emphasized, 
one is thoroughly aware now that the results are much more likely to 
be unsatisfactory. Probably also, the incidence of jejunal ulcer is 
greater. However important this factor may be, there is positive infor- 
mation that during the period which includes the first series the opera- 
tive technic was being varied in order to find the most satisfactory 
type of procedure; W. J. Mayo stated that a number of gastro- 
enterostomies with exclusion of the pylorus were carried out.": It is 
now well recognized that this combination is followed by a much higher 
incidence of jejunal ulcer than gastro-enterostomy alone.’* Conse- 
quently, it appears to me that by a comparison of the results in the 
first 1,000 gastro-enterostomies done at the Mayo Clinic with those 
of the last 8,000, the effect of the type of suture material on the 
incidence of jejunal ulcer cannot be evaluated. One other clinic 
furnishes data on this point which are not reported numerically but in 
which the series are more directly comparable. In 1921, Lewisohn ** 
reported a high incidence of jejunal ulcer following gastro-enterostomy 
from the surgical clinic of the Mount Sinai Hospital, and he then 
stated that on account of the prevalence of this serious complication a 


8. Mayo, C. H.: A Consideration of Gastric and Duodenal Ulcer, Proc. Roy. 
Soc. Med. (sect. surg.) 18:73, 1925. 

9. Mayo, W. J.: Ulcer of the Stomach and Duodenum with Special Reference 
to the End Results, Ann. Surg. 54:313, 1911. 

10. Moynihan, B.: Disappointments After Gastro-Enterostomy, Brit. M. J. 
2:33, 1919. 

11. Mayo, W. J.: Chronic Ulcers of the Stomach and Duodenum, Ann. Surg. 
60:220, 1914. 

12. Von Haberer, H.: Die Bedeutung des Pylorus fiir das Zustandekommen 
des postoperativen Jejunalulcus, Arch. f. klin. Chir. 117:50, 1921. 

13. Lewisohn, R.: Gastro-Jejunal and Jejunal Ulcers: Report of Twenty-One 
Cases, J. A. M. A. 77:442 (Aug. 6) 1921. 
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change was being made in that clinic to the employment of catgut alone 
in performing gastro-enterostomy. In its bearing on the question which 
is being considered this was an extremely interesting experiment, espe- 
cially as the operative procedure and the type of case in which this 
operation should be used had been well standardized for several years. 
The only change to be effected was the elimination of all nonabsorbable 
suture material in performing the anastomosis. In 1925, Lewisohn ** 
further reported that disappointingly there had been no decrease in the 
incidence of jejunal ulcers from this change in suture material; and 
this fact was found reflected in his advocacy of gastric resection in 
preference to gastro-enterostomy for all forms of peptic ulcer. 

One other clinical fact speaks strongly against the significance of 
the type of suture material in the etiology of jejunal ulcer. At first, 
when this complication required reoperation, most surgeons performed 
either a plastic operation on the stoma with excision of the ulcer, or 
they undid the original anastomosis and made a new gastro-enterostomy. 
In a great many instances, this second anastomosis was carried out 
carefully with catgut on account of the widespread belief that non- 
absorbable sutures had caused the complication. This second gastro- 
enterostomy was commonly followed by a new jejunal ulcer..*> When 
operation is necessary in a case of jejunal ulcer, nearly all authors now 
advise doing away with the gastro-enterostomy and either reconstituting 
the original gastro-intestinal pathway or performing a gastric resection. 
This opinion is itself strong evidence that the nonabsorbable suture 
material used in the first operation was not the cause of the jejunal 
ulcer, otherwise the formation of a new anastomosis, using catgut alone, 
would be a satisfactory operation to cure the complication. 

Many gastro-enterostomies, either alone or combined with resection, 
have been carried out with nonabsorbable sutures for gastric carcinoma. 
Yet there is hardly an authenticated case of jejunal ulcer following such 
an operation for tumor. This also, as Strauss ** has emphasized, speaks 
strongly from the clinical standpoint against the significance of the type 
of suture material used and as strongly in favor of the importance of the 
ulcer diathesis that had caused both the jejunal and the original duo- 
denal ulcer. Bland-Sutton as long ago as 1916 expressed this same 
idea in the title of his Hunterian address, “Ulcers New and Old: 
Jejunal for Duodenal Ulcers.” ** At that time he concluded, “Some 






14. Lewisohn, R.: The Frequency of Gastro-Jejunal Ulcers, Surg. Gynec. Obst. 
40:70, 1925, 

15. Walton (footnote 7, second reference). 

16. Strauss, A. A.; Block, L., and Friedman, J. G.: Gastro-Jejunal Ulcer: 
Medical and Surgical Considerations, J. A. M. A. 90:181 (Jan. 21) 1928. 

17. Bland-Sutton, J.: Ulcers New and Old: Jejunal for Duodenal Ulcers, Brit. 
M. J. 1:272, 1916. 
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surgeons attribute these secondary ulcers to faults of technique or a 
method of suture different from that employed by the surgeon who 
criticises the report. There is very little evidence available for the 
incrimination of silk or linen thread.” This seems equally true today 
as no new evidence of this type has been presented in the intervening 
years, but the opinion that the nonabsorbable suture was responsible at 
least in part for jejunal ulcers has been repeated from one paper to 
another. 

To summarize, then, the clinical data on the relationship of non- 
absorbable suture material used in carrying out a gastro-enterostomy to 
the subsequent formation of a jejunal ulcer, it appears that the evidence 
is not entirely decisive in all details, but it is definite that jejunal ulcers 
depend on some underlying condition rather than being due to retained 
sutures. And what little information there is on the incidence of the 
complication relative to the type of suture material used does not sub- 
stantiate the commonly accepted view that the use of silk or linen is 
followed by any higher proportion of jejunal ulcers than is the use 
of catgut. 

On account of the preference of many surgeons for the technical 
advantages of silk in gastro-intestinal operations, and the difficulty of 
being certain from the clinical evidence that nonabsorbable sutures do 
not tend to favor the formation of jejunal ulcers, it was decided to get, 
by experimental study, some further light on the influence of silk 
sutures in an ulcer producing environment. Mann and his colleagues 
have shown that chronic peptic ulcers similar both in pathologic appear- 
ance and in their natural history to those found in human beings 
occurred in a high proportion of dogs after drainage of the duodenal 
secretions into the lower ileum.** By this procedure, an underlying 
condition is produced which tends toward the development of a chronic 
ulcer of the jejunum just past the anastomosis with the stomach. If 
the presence of nonabsorbable suture material in the anastomosis plays 
any significant role in furthering the ulcerative process, as has been 
assumed by many to be the case in patients, then the ulcer which arises 
should occur at least in a large proportion of the cases about the 
retained suture. If on the other hand, as has been suggested in the 
foregoing analysis of the clinical data, the jejunal ulcer is dependent 
on some underlying condition and independent of the type of suture 
used, then the jejunal ulcer should arise in the usual location found 
by Mann and his co-workers, using catgut alone, at a point distinctly 
separated from the suture line. 


18. Mann, F. C., and Williamson, C. S.: The Experimental Production of 
Peptic Ulcer, Ann. Surg. 77:409, 1923. Morton, C. B.: Observations on Peptic 
Ulcer, Ann. Surg. 85:207, 1927. 
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One other method for producing jejunal ulcer was also employed. 
Dott and Lim showed that gastro-enterostomy in the dog was fre- 
quently followed by a jejunal ulcer if the original operation was accom- 
panied by complete occlusion of the pylorus.*® These investigators 
used catgut throughout. I happened to carry out this procedure for 
another purpose, and in two of my cases also it was followed by a 
jejunal ulcer. As is my custom in all gastro-intestinal operations, both 
clinical and experimental, I used silk in the anastomosis and conse- 
quently these cases were added to the preceding series. 

Eight dogs were operated on by Mann’s method of draining the 
duodenum into the terminal ileum. The jejunum was anastomosed to 
the pylorus with silk. Six of these animals developed typical chronic 
jejunal ulcers seen at autopsy or at a second operation. In every case 
the ulcer was separated from the line of anastomosis. It usually 
occurred on the anterior superior surface of the jejunum at a distance 
of from 1 to 1.5 cm. from the anastomosis. The ulcers were found 
from four to ten weeks after operation. In each case silk was still 
present in the line of anastomosis and in no case was there any ulcer- 
ation about the silk suture. Figure 1 illustrates the typically located 
ulcer and its entire separation from the anastomosis with the retained 
silk suture. In other words, my results following the use of silk for 
the anastomosis were exactly similar to those of Mann, Williamson and 
Morton who used catgut alone. Although in a high proportion of these 
animals chronic ulcers occurred in the jejunum, there was no tendency 
whatever for ulceration to occur about the silk suture. 


After an ulcer had formed in the duodenum in the animal illustrated 
in figure 1, a secondary operation was carried out using silk for 
suture material. A pyloroplasty was performed considerably widening 
the pylorus. On exploration several weeks later, the original ulcer 
high up on the anterosuperior surface of the jejunum had healed and a 
new deep ulcer with indurated walls had formed on the mesenteric 
surface of the jejunum just past the anastomosis. Although the edge 
of this large ulcer was only 2 mm. away from the anastomotic line 
and a silk suture was retained in the latter at that point, there was no 
ulceration about the suture (fig. 2). This ulcer was located the closest 
to the anastomosis of any found in my animals and illustrates nicely that 
the retained suture does not predispose toward the formation of the 
ulcer about it, although an ulcer is forming only a few millimeters 
away from it. It also illustrates how easily the suture could be found 
arising from the base of the ulcer if the ulcerative process had extended 
a few millimeters farther. 









19. Dott, N. M., and Lim, R. K. S.: Experimental Jejunal Ulcer, Quart. J. 
Exper. Physiol., Suppl. 109, 1923. 
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Also in the two animals which developed jejunal ulcer after gastro- 
enterostomy with pyloric exclusion, the ulceration occurred in the 
efferent limb of the loop, and in each case it was definitely separated 
from the line of anastomosis. Here again, although silk sutures were 
retained in the anastomotic line, ulceration was not produced about 
them, but the ulcers were exactly similar to those found by Dott and 
Lim when catgut was used for the anastomosis. This corresponds with 
a similar observation by Watts in 1903, where the ulcer in the jejunum 
of a dog three months after gastro-enterostomy was situated in the 
jejunum opposite the stoma, and the silk used for anastomosis was still 
present in the latter and not accompanied by any ulceration of the 
anastomotic line.*° 

















Fig. 1—Experimental chronic ulcer of jejunum in the dog eight weeks after 
original operation. Silk suture retained at the site of anastomosis without 
ulceration. 


To summarize the experimental evidence which I have presented, 
conditions were reproduced in dogs which cause jejunal ulcers similar 
in pathologic appearance and in their natural history to those seen after 
gastro-enterostomy in man. However, it was found that the presence of 
silk suture material retained in the anastomosis did not affect the 
localization of the process. Although an ulcer formed only from 1 to 
2 cm. distance from the line of anastomosis, and in one instance after 
a secondary operation the edge of the ulcer was only 2 mm. from it, 


yet in no case was there ulceration about the retained suture. 


20. Watts, S. H.: A Case of Peptic Ulcer in the Jejunum of a Dog Following 
Gastroenterostomy, with a Review of the Cases Reported. in Man, Bull. Johns 
Hopkins Hosp. 14:191, 1903. 
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COMMENT 


The clinical evidence shows that jejunal ulcers arise from some 
factor far more fundamental than the type of suture material used. 
The experiments which I have carried out demonstrate that even in 
the presence of actual ulcer producing circumstances, retained siik 
sutures do not cause ulceration. In 1920, Dragstedt and Vaughn * 
reported that the insertion of fifteen or twenty heavy silk sutures into 


























Fig. 2.—Original ulcer healed and new one formed on the posterior surface of 
the jejunum just past the anastomotic line, fifteen weeks after pyloroplasty 
(secondary operation). Note how close the ulcer comes to the anastomosis with 
the retained silk suture but without any ulceration about the silk sutures. 


a small area of the stomach that had been denuded of mucous mem- Pa 
brane delayed the healing of the mucosal defect. This they considered 
evidence that nonabsorbable suture material favors the formation of 





21. Dragstedt, L. R., and Vaughn, A. M.: Gastric Ulcer Studies, Arch. Surg. 
8:791 (May) 1924. 
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anastomotic ulcers. However, it seems rather to show that so gross 
an overloading of the denuded surface with foreign material results in 
delayed healing. Those surgeons who use silk sutures in gastro- 
intestinal work do so on account of definite technical advantages. A 
smaller strand of suture material inserted into the tissues with a much 
finer needle even than the present eyeless intestinal needles fastened 
on to a catgut strand allows more delicate workmanship. There would 
surely be no advantage today in the use of silk if it resulted in 
encumbering the tissues with a large amount of foreign material as was 
done in the experiments carried out by Dragstedt and Vaughn. It is 
now known that chromic catgut will withstand the digestive action of 
the intestinal contents long enough so that there is no danger of the 
suture line not possessing sufficient tensile strength for healing; and 
silk is used in gastro-enterostomy today only as a part of the plan to 
traumatize tissues as little as possible. It is now common laboratory 
experience that simple gastro-enterostomies in dogs, using silk for 
suture material, are not often followed by jejunal ulcer. Gronnerud’s 
results of an opposite nature ** are apparently explained by a careful 
analysis of his report. The series in which he used silk sutures and 
clamps contains the first experiments. In this series, he had an immedi- 
ate mortality rate of 20 per cent with 6 per cent more fatalities from 
the tenth day to the time when the animals were killed. At autopsy, 
varying degrees of obstruction were found in 30 per cent of the animals. 
In the later, much more extensive series of animals in which absorbable 
sutures were used his immediate mortality rate was less than 1 per cent. 
Obviously, any series of gastro-enterostomies associated with a 26 per 
cent mortality rate is valueless for comparative study on account of the 
evident technical inadequacy shown by this mortality, and certainly 
cannot be compared with a second series of gastro-enterostomies in 
which the mortality rate was less than 1 per cent. A far more trust- 
worthy comparison of the effect of various suture materials in simple 
gastro-enterostomies is found in Montgomery’s work.** He attempted 
to produce gastrojejunal ulcers in connection with the line of anasto- 
mosis. In sixty-three dogs he succeeded in producing an indurated 
and well defined ulcer in four instances. In thirty-eight of the animals, 
silk had been used either solely or in the outer row and in twenty-five 
instances catgut was used alone. In three of the four anastomotic ulcers, 
catgut had been the only suture material whereas only one of them 
occurred after the use of silk for the outer row and catgut for the 
inner layer. 





22. Gronnerud, P.: The Etiological Relations of the Sequelae to Gastro- 
Enterostomy, Ann. Surg. 66:177, 1917. 

23. Montgomery, A. H.: Gastro-Jejunal Ulcer: An Experimental Study, Arch. 
Surg. 6:136 (Jan.) 1923. 























SCOTT—JEJUNAL ULCER 1593 

The experimental evidence supplements the clinical data in drawing 
attention to the significance of some underlying cause in the production 
of jejunal ulcer and the lack of importance in this connection of the 
type of suture material used. It is no part of my purpose in presenting 
these data to influence any surgeon to change from the use of catgut 
to silk in the technic of gastro-enterostomy. On the other hand, there 
does not seem to be any convincing evidence that silk should not be 
used by those surgeons who feel that it has a technical advantage in 
this field. 

CONCLUSIONS 

1. Jejunal ulcers are not caused by nonabsorbable suture material. 

2. A careful analysis of the clinical evidence does not substantiate 
the commonly accepted view that the use of nonabsorbable sutures 
increases the incidence of jejunal ulcer. 

3. Under experimental conditions which induce the formation of 
chronic jejunal ulcers, the use of silk in the anastomosis does not pre- 
dispose to the development of the ulcer about the nonabsorbable suture. 

4. There is no convincing evidence, either clinical or experimental, 
militating against the use of nonabsorbable sutures in gastro-intestinal 
operations. 








































THE TREATMENT 





OF ABSCESS OF THE BRAIN * 


KENNETH G. McKENZIE 


Life is short 

And the art long. 
The occasion instant, 
Experiment perilous, 
Decision difficult. 


The foregoing aphorism of Hipprocrates occupies a prominent place 
above the door of the Harvard Medical School and can be plainly seen 
from the Peter Bent Brigham Hospital. In common with many other 
former members of the hospital staff, I have a photograpliic copy of 
this bit of philosophy hanging in my office, as a memento of happy 
days spent in that institution. It may seem a far cry from this to cere- 
bral abscess, and yet, when one is face to face with patients suffering 
from abscess of the brain, the aphorism seems especially applicable. 
How difficult, when dealing with a case to say—“This is the correct 
procedure”! When a patient dies, one usually feels that something 
different might have been done. In the succeeding pages, an attempt 
will be made to present some personal views that have grown out of a 
special interest in the subject during the past few years. 

Since 1924, eleven patients with abscess of the brain have been 
operated on. Several others have been seen in consultation. Also, a 
number of cases have been observed and followed, which have been 
classed as “brain abscess suspects.” The preparation of a paper based 
on this material has not been easy. There are so many controversial 
points that it would be a much simpler, more profitable and more pleas- 
ant task to discuss the problem from an easy chair with an interested 
friend on the other side of the fire. With the proper setting, a verbatim 
record of such a conversation should result in an interesting paper. 
Surely it was in some such informal collaboration that Gilbert and 
Sullivan planned their delightful operas. 

Usually, there is no great surgical urgency in dealing with a case 
of abscess of the brain, and plenty of time may be taken for careful 
consideration of the problem. How out of place such a statement would 
be if one were discussing acute osteomyelitis of children, in which early 
diagnosis and early surgical intervention is so essential. 

It is true that the early diagnosis of an abscess of the brain is desir- 
able, but surgical treatment should be delayed until the abscess is well 
walled off (usually four or five weeks from the time of the initial intra- 
cranial infection). During this period of waiting, the patient must be 


*From the Department of Surgery, University of Toronto. 
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under careful observation, and drainage should be attempted earlier 
if marked dulness and coma develop. Furthermore, increasing experi- 
ence with cases finally classified as “brain abscess suspects” has made 
one conservative in advising surgical intervention. A few of the more 
interesting case histories of this “suspect group” will be reviewed. The 
remainder of the paper will be based on the “verified cases,” and these 
will be considered largely from the standpoint of treatment. 


“BRAIN ABSCESS SUSPECTS” 


Case 1.—Bilateral choked disks following operation for double mastoid. Explo- 
ation for abscess of the brain. Negative observations. Death. 

A girl, aged 14, had a double mastoid operation some weeks previous to the 
present examination. Following the operation, she was listless and pale, and had 
narked loss of appetite. On neurologic examination, a bilateral choking of the 
lisks was noted, but no other positive signs could be made out. It was believed 
that she had an abscess of the brain. Punctures were made into both cerebellar 
emispheres and both frontal lobes, with negative results. Four or five days later, 
ll the wounds were infected with hemolytic streptococcus. A leak of cerebro- 
pinal fluid developed from one wound, and the patient died several weeks later 
rom meningitis. A partial autopsy was obtained under difficult circumstances. 
There was an acute meningitis, but no abscess. It is not known whether the lateral 
inus was thrombosed or not. 


Comment.—The patient had no headache or vomiting. If she had 
been observed for a longer period, she almost certainly would have 
recovered without operative intervention. 


The following case emphasizes the observation that choked disks 
in the presence of a focal infection, especially if there has been a throm- 
bosis of the lateral sinus, does not necessarily signify the presence of an 
abscess of the brain. 


Case 2.—Lateral sinus thrombosis. Choked disks. Recovery. 


A medical student, aged 19, was operated on for an acute condition of the right 
mastoid. The lateral sinus was accidentally opened and had to be packed. 
Convalescence was stormy for a few days, and then progress was satisfactory. 
Three weeks after the operation, a paralysis of the right sixth nerve developed. 
The disks were examined and found choked with an elevation of from 6 to 7 
diopters, and with numerous patches of white exudate and flame-shaped hemor- 
rhages. There was no headache or vomiting. Doctor Horrax of Boston saw the 
patient about this time and agreed that, despite the absence of headache, there was 
probably an inflammatory block producing an internal hydrocephalus. To deter- 
mine whether this was true, the right lateral ventricle was punctured. Only a few 
cubic centimeters of fluid could be obtained, so the ventricles were not enlarged; 
furthermore, as far as one could determine through a small burr hole, the intra- 
cranial pressure was not increased. The patient was discharged from the hospital 
feeling well a few weeks later. At the end of three months, the disks were per- 
fectly flat and vision was normal in both eyes. Two years later, the patient 
finished his medical course and was feeling well. 
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Comment.—Just how a choked disk is produced in these patients is 
not clear. The cases are not uncommon, and one should be conserva- 
tive when dealing with a syndrome of lateral sinus thrombosis and 
choked disks, unaccompanied by headache or other signs of intracranial 
pressure. 

Patients showing a localized disturbance of the physiologic function 
of the brain in the presence of an infective focus make up a large 
proportion of the “brain abscess suspect” group. 





Case 3.—Localized meningitis and cerebritis of the left temporal lobe. 

A boy, aged 14, was operated on for an acute condition of the left mastoid. 
Two days later, his temperature rose to 103 F.; he became restless and difficult 
to manage. During the next three days, he gradually developed a marked aphasia 
and definite weakness in the right arm. It was also thought that he had defect 
in the field of the right eye. There was never any choking of the disks. This 
condition remained unchanged for two weeks. Puncture was made through a clean 
field into the left temporal lobe with negative results. The patient gradually made 
a complete recovery, although it was months before all the symptoms of aphasia 
cleared up. 

Case 4.—Cerebritis of the left temporal lobe. 

The patient, aged 45, had had a discharge from the left ear for some years. 
The history of the present illness commenced about Sept. 20, 1927, when he wrote 
an incoherent letter to a friend. Eight weeks later, while playing cards, he became 
so confused that he could not continue. The following morning, he had difficulty 
with his speech. An operation was performed on the mastoid—the bone was 
sclerotic and little pus was found; a small amount of normal dura was uncovered 
r over the temporal lobe. When seen seven days after his operation, he was drowsy 
and it was difficult to get his attention. He was unable to name common objects 
and became confused when asked to carry out simple commands. It was thought 
that there was a defect in the field of the right eye, although cooperation was poor. 
There had been no headache or vomiting, and the disks were normal. Although 
operation was urged, delay was counselled. The patient gradually recovered and 
apparently was perfectly well three months later. 





Patients are not infrequently seen complaining of severe localized 
pain following a mastoid or frontal sinus operation. Usually this 
symptom gradually subsides and further operative procedures are 
unnecessary. In the following case, however, operation might have 
saved the patient’s life. 










Case 5.—Mastoid disease, sinus thrombosis, persistent localized pain. Death 
from purulent meningitis. 

T. G. H., a girl, aged 21, developed a cold two months previous to her admis- 
sion to the Ear, Nose and Throat Service; the cold was followed by a discharge 
from the right ear. The discharge ceased two days before admission to the hos- 
pital, and since then there had been severe pain and tenderness over the right 
mastoid. A simple operation was performed on the mastoid; no pus was found; the 
dura over the sinus was congested and partially covered with granulation tissue. 
Following the operation, progress was satisfactory for nine days when the patient 
began to complain of frequent right-sided headache localized in the temporo- 
occipital region. The results of a complete neurologic examination, eighteen days 
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after the operation, were negative. The temperature was normal and the patient 
looked well, but she complained of persistent right-sided headaches which came 
on at any time of the day and lasted for varying periods. During the next five 
weeks, the patient continued to complain of these headaches, and every few days 
she had an attack of vomiting. The temperature occasionally rose to 99 or 100 F. 
There were many days when the patient felt much better, but undoubtedly there 
was a gradual increase of headache and vomiting. Seven weeks after operation, the 
spinal fluid was turbid and contained 9,000 cells per cubic millimeter, 60 per cent 
polymorphonuclear leukocytes, 38 per cent lymphocytes and 2 per cent red cells; 
8 cc. of fluid was removed and was not examined for organisms. Following the 
puncture, the patient became rapidly worse; she died three days later with all the 
signs and symptoms of acute meningitis. 

At the necropsy, a purulent thrombosis of the right lateral sinus was found. 
[In places, the thrombus was well organized. The base of the brain was covered 












Series of Eleven Verified Cases 













Primary Focus Date of 
Name Age of Infection Site of Abscess Operation Result 
Mr. F. C. 45 Left middle ear Left temporal lobe August, 1924 Well, at work 
Miss F. K. 18 Left middle ear; Right rolandie arm May, 1925 Well, at work 
abscess of right lung area 
Mr. S. C. 45 Left middle ear Left temporal lobe February, 1926 Well, at work 
Mr. P. G. 42 Left frontal sinus Left frontal lobe April, 1926 Died if 
(Case 8) 7 
Miss I. B. 25 Left frontal sinus Left frontal lobe September, 1926 Well, at work q 
Miss B. O. 6 Compound fracture Right rolandie arm September, 1925 Died Gq 
(Case 9) right rolandic area area ; 
Mr. H. C. 42 Boil, prostatic ab- Left posterior tem- October, 1925 Died i 
(Case 10) seess, lung abscess poral : 
Mr. R. 8. 17 Right frontal sinus (A) Right rolandic February, 1927 Well, at i 
(Case 7) arm area school y & 
(B) Right frontal lobe 

Miss J. 8. 14 Left middle ear Left cerebellum March, 1927 Well 
Mr. C. B. 18 Left frontal sinus Left rolandie arm March, 1928 Died p 
(Case 11) area rH 

t 
Major 8. 45 ? Boil Right hemisphere September, 1928 Died t 
(Case 12) of cerebellum ' 









with a purulent exudate from which a pure culture of Staphylococcus aureus was 
obtained. There was no abscess of the brain or localized collection of pus beneath 
or outside the dura. 









Comment.—Drainage of the lateral sinus even as late as a week 
before the patient died would possibly have saved her life. At no time 
during the course of the illness were there the usual signs and symptoms 
of septic thrombosis of the lateral sinus. The late development of the 
purulent meningitis, some six weeks after persistent right-sided head- 
ache, is unusual. An earlier lumbar puncture with the removal of 
only about 2 cc. of fluid could have been done without danger to the 
patient, and at the same time a modified Queckenstedt test, as suggested 
by Ayer, would have aided materially in a correct diagnosis (compres- 
sion of the jugular vein on the side of the thrombosis would not have 
shown a nermal rise and fall of cerebrospinal fluid in the manometer). 


CELA FP LEI) PPR IT ELGAR 














1598 ARCHIVES OF SURGERY 





Probably the removal of 8 cc. of fluid hastened the end by spreading the 
infection. It is unwise and unnecessary to remove more than 1 or 2 cc. 
of fluid when there is any suspicion of a localized meningitis. 

Rupture into the cerebrospinal fluid system may occur, and the 
knowledge of this possible catastrophe often makes it difficult to delay 
operation. Little can be done for the patient who has not sufficient 
resistance to localize the infection. Early surgical drainage before good 
localization is obtained will only increase the encephalitis and almost 
certainly hasten a fatal termination. Rupture after good localization 
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Fig. 1—Chronic abscess located by feeling with a blunt pointed brain needle 
through a small burr hole and nick in the dura. 


is rare, so that the danger of postponing operation is slight compared 
to the danger of too early intervention. 


TECHNIC 


The sketches illustrate some of the underlying principles which are 
thought to be important when dealing with a supratentorial abscess, 
well localized and walled off by a capsule, and not adjacent to an infec- 
tion of the middle ear or frontal sinus. 

A chronic abscess may be located by feeling it with a blunt pointed 
brain needle (fig. 1), through a small burr hole and nick in the dura. 
When the wall is well formed, the abscess feels like a rubber ball. In 
two of my cases, the capsule was so poorly formed that it was not felt, 
and pus coming through the needle was the only indication of the pres- 
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ence of an abscess. In a case that was thought to be one of tumor, the 
pus was so thick that it would not flow, but enough remained in the eye 
of the needle for microscopic examination and establishing a diagnosis. 


When localization is not quite accurate, the abscess may be located 
at an angle either by feeling it with the needle or by the appearance of 
pus. In such a situation, the needle is left in place, while another burr 
hole is made over the top of the abscess at + (fig. 2) so that a second 
needle locates the abscess when passed at right angles to the brain. 
Drainage is then established through this latter opening. An abscess is 
not likely to be cured unless it can be drained through an opening 
directly over the point where it is closest to the surface. If it is located 


Fig. 2.—Locating the abscess at an angle when localization is not quite accurate. 
The needle is left in place, while another burr hole is made over the top of the 
abscess at X, so that a second needle locates the abscess when passed at right 
angles to the brain. Drainage is established through the latter opening. 


at a greater depth than 1 or 2 cm. from the surface, an attempt should 
be made, by making other burr holes, to locate a point where it is closer 
to the surface. To evacuate an abscess and place a tube to the bottom 
of it through any great thickness of brain is extremely difficult. 


The opening in the bone is enlarged to a diameter of 2 cm. (fig. 4). 
The brain is transected down to the abscess. The capsule is incised and 
two retractors maneuvered inside the capsule. As the pus is sucked 
out, the retractors are worked to the bottom of the cavity. In all my 
cases intracranial pressure was such that even after the abscess had 
been emptied, the brain remained snug against the dura so that there 
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Fig. 3—The opening in the bone is enlarged to a diameter of 2 cm. The 
brain is transected down to the abscess. The capsule is incised, and two retractors 
are maneuvered inside the capsule. As the pus is sucked out, the retractors are 
worked to the bottom of the cavity. 





lig. 4—A tube the size of one’s little finger, or larger, without perforations in 
the side is placed to the bottom of the abscess, and the retractors are withdrawn. 
Intracranial pressure converts the cavity into a straight sinus about the tube. Con- 
trollable herniation also commences through the small dural opening. 
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was no need to take special precaution against soiling beyond the dural 
opening. On the other hand, Adson told me that in some of his cases 
the abscess was so large that when it was emptied the brain fell 
away from the dura. In such a case, he suggests having retractors bent 
in such a manner that they hook up the wall of the abscess and thus 
hold the brain frorf falling away until the abscess cavity can be filled 
with packing about the drainage tube. The packing is then gradually 
withdrawn during the next few days, as the adjacent collapsed ventricle 
fills and holds the brain against the dura. 

A tube the size of one’s little finger, or larger, without perforations 


“Acc 





vithdrawn (fig. 4). Intracranial pressure converts the cavity into a 
traight sinus about the tube. Controllable herniation also commences 
irough the small dural opening. 

The dressing is important. The tube is not tied in place, for fear of 
itracranial pressure causing it to break through into the ventricle. 
‘trips of bandage 3 inches (7.6 cm.) wide and 12 inches (30.48 cm.) 
mg, which have been autoclaved in petrolatum and so thoroughly 
mpregnated, are built up in such a manner that the tube can be pushed 
ut 1 cm., before impinging against the soft absorbent dressing. The 
oundation of bandage treated with petrolatum clings to the head so that 
he dressing does not slip and displace the tube. When the dressing is 
hanged, it does not adhere to the cerebral hernia. Needless to 
ay, the dressing should be done by the operator, so that there is no 
livided responsibility about keeping the tube in place. When the cavity 
1as been thoroughly sucked out in the first place, there will be prac- 
ically no discharge and the dressing need be changed only every few 
lays. As the tube is pushed out, it is shortened. In a few days, the 
track is so well established that the tube may be removed and replaced 
after gentle irrigation of the sinus with a solution of chlorinated soda. 

When the abscess is first opened, pus escapes rapidly, and intra- 
cranial pressure may pocket off part of the cavity (fig. 5). If possible, 
the cavity is inspected so that all the pus can be sucked out and the tube 
accurately placed to the bottom of the abscess. 

Oblique drainage is unsatisfactory. A new opening should have 
been made and drainage established at x (fig. 6). Intracranial pres- 


sure produces hernia of that part of the brain which does not directly 
overlie the abscess. The tube is not pushed out, and the hernia is 


likely to be uncontrollable. 

In a number of my cases the requirements illustrated by these 
sketches have not been fulfilled. The following case (figs. 7 and 8), 
however, demonstrates how satisfactory progress may be when a well 
localized abscess close to the surface is drained, with the tube at right 
angles to the brain and placed to the bottom of the abscess. 
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} Pocket of 


Undrained pus 


Fig. 5—When the abscess is first opened, pus escapes rapidly, and intracranial 
pressure may pocket off part of the cavity. If possible, the cavity is inspected so 
that all the pus can be sucked out and the tube accurately placed to the bottom of 
the abscess. 


Fig. 6.—Oblique drainage is unsatisfactory. A new opening should have been 
made and drainage established at X. Intracranial pressure produces hernia of that 
part of the brain which does not directly overlie the abscess. The tube is not 
pushed out, and the hernia is likely to be uncontrollable. 
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TEMPORAL, CEREBELLAR AND FRONTAL ABSCESS ASSOCIATED 
WITH ADJACENT INFECTION 


Additional problems require discussion when an abscess is asso- 
ciated with infection of the ear or frontal sinus, although the principles 
just reviewed remain applicable. 


Abscess of the Temporal Lobe Adjacent to Infection of the Middle 
Ear.—lf the patient is in coma when first seen, there is urgent need for 
drainage of the abscess, and if there is an infection of the ear or both 
sides it may be impossible to determine on which side the abscess is 
present. In such a situation, an exploratory puncture is made through 
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Fig. 7 (F. K. in table) —Five days after operation. 








a clean field, just above the mastoid area, and if no abscess is located 
the same procedure is carried out on the other side. When the abscess 
is located, the burr hole is enlarged downward into the mastoid cells 
which are rapidly opened up. Drainage of the abscess is then carried 
out through this field, because at this point the abscess will be closest to 
the surface. Sufficient dura must be uncovered to permit proper open- 
ing and drainage as previously illustrated. A tube pushed in blindly 
may never get inside the abscess cavity. 

If the patient is not critically ill when first seen, a thorough opera- 
tion is done on the mastoid, and one is often agreeably surprised to find 
all intracranial signs and symptoms clear up. At this operation, a sinus 
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leading through the dura to a subdural collection of pus or to an abscess 
of the brain may be located. If so, the outlook is excellent as it is com- 
paratively simple to establish efficient drainage by enlarging this sinus. 
(Just recently a case was seen at Dr. Frazier’s clinic. Pus had been dis- 
charged from a sinus through the dura in the mastoid area. A soft 
catheter was passed into the sinus for 4 or 5 inches [10.16 or 12.7 cm.]. 
A small amount of potassium iodide solution was gently injected and 
x-ray examination revealed a subdural abscess on top of the hemisphere 
near the midline. An opening was made directly down on this abscess, 
and the patient was cured.) If no sinus is found, further intracranial 











Fig. 8 (F. K., in table) —Four weeks after operation, showing all that was left 
of the 2 inch (5 cm.) straight sinus. A few weeks later, the hernia had receded, 
and the defect in the bone was filled with a dense scar. 


There was no residual 
weakness in the arm. 


exploration is not carried out through this septic field. The patient is 
watched carefully, and if it is finally determined that intracranial 
exploration is necessary it is carried out in one of two ways: 


1. If the diagnosis is practically certain, exploration is carried out 


by enlarging the mastoid wound and uncovering sufficient dura to work 
through. 


2. If the diagnosis is not quite definite, an exploratory puncture is 
first made through a clean field above the mastoid area; if an abscess is 
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located, the burr hole is enlarged downward and drainage carried out 
through the mastoid wound. If no abscess is located, an exploratory 
puncture through a clean field does little harm, whereas exploration 
through septic dura in the mastoid wound might easily produce serious 
trouble. 

In my two cases of abscess of the temporal lobe adjacent to infection 
of the middle ear, drainage was finally established through the mastoid 
area after sufficient dura was uncovered to permit proper exploration. 
In one case, the diagnosis was definitely confirmed first by an exploratory 
puncture through a clean field. 

Abscess of the Frontal Lobe Associated with Infection of the 
Frontal Sinus.—The diagnosis is often in doubt in these cases, not only 
as to the presence of an abscess but as to the side on which it is located. 
The abscess may be adjacent to the frontal sinus or may be separated 
from it by several centimeters of brain. If an x-ray picture shows an 
osteomyelitis of the posterior wall of the sinus, and if there is no 
suspicion of involvement of the rolandic areas, the abscess is most likely 
adjacent to the sinus. 

As a preliminary procedure, an exploratory puncture is made lateral 
to and above the sinus, to definitely locate the abscess. By palpating the 
abscess with the needle, one can usually determine whether it is adjacent 
to the sinus and should be drained through that area, or whether it is 
farther back and should be drained at some other point where it is close 
to the cortex. The exploratory incision is then closed tightly. 

In a couple of days, after this incision has sealed off, the frontal 
sinus is opened for two reasons: 


(a) At the exploratory puncture, it may have been definitely established that 
the abscess was adjacent to the posterior wall of the sinus and should be drained 
through the sinus. 


(b) It has been decided that the abscess is not likely to be adjacent to the sinus, 
but one cannot be sure of this, and a sinus may be found through the dura. In 
the removal of loose pieces of bone, great care is taken not to tear the diseased 
dura by tugging on a bit of bone which may be attached to it. If a sinus is not 
found, the abscess is drained a few days later, either by opening the first incision 
and enlarging the bone opening or by making a fresh opening over a point where 
the abscess is thought to be closer to the surface. 


The foregoing procedures are applicable only when the patient is 
not seriously ill. If the patient is in coma, drainage or tapping must be 
carried out immediately, preferably through an opening clear of the 
frontal sinus. 


Cerebellar Abscess Associated with Infection of the Ears——Some- 
what the same attitude is adopted as when dealing with an abscess of 
the temporal lobe. Search should be carefully made for an opening in 
the dura by laying the mastoid area well open and by reflecting the dura 
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from the outer part of the posterior surface of the petrous portion of 
the temporal bone. If no opening is found through the dura, intradural 
exploration is delayed, unless the case is urgent, or unless diagnosis is 
certain. If intradural exploration. is, or becomes, necessary, the uncov- 
ered dura is cauterized in front of the lateral sinus, and an exploring 
needle is passed through this area. If an abscess is located at some 
distance from the surface, one might be content with tapping alone (this 
procedure will be discussed later under a separate heading). If the 
abscess is close to the surface and especially if the lateral sinus is 
thrombosed, an attempt is made to carry out tube drainage through the 





Fig. 9.—Suggested site for drainage of a cerebellar abscess associated with 
disease of the ear.. The dura is well exposed in front of the sinus. Additional 
bone is removed as indicated by the dotted line. 


mastoid area. In my case, in which the patient recovered, this was done 
and the procedure was comparatively easy, as the lateral sinus was 
thrombosed and consequently was not in the way. Eagleton’s sugges- 
tion that the sinus be obliterated is valuable. Usually, there will not be 
room to carry out tube drainage properly in front of the sinus, and in 
some manner the sinus must be obliterated so that the dural opening 
can be carried back through it. Crossing a nonthrombosed sinus may be 
made comparatively easy by collapsing the sinus above and below by 
gauze wedged in between the bone and dura. Figures 9 and 10 illustrate 
the suggested site for drainage in most cases. 
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It is here that the abscess is most likely to be close ‘to the surface. 
Attempted drainage farther back behind the sinus through considerable 
thickness of cerebellum is courting disaster. It is technically difficult 
to get a tube properly placed in the cavity. Trauma and infection set 
up a severe encephalitis, and herniation is likely to become uncon- 
trollable. Again one emphasizes the importance of draining at that 
point where the absence is closest to the surface and of placing the tube 
to the bottom of the cavity after all the contents have been sucked out. 
Che procedure of blindly pushing a tube in after pus commences to ooze 





Fig. 10.—The dotted line illustrates the site of the incision through the dura 
across a thrombosed sinus or, if necessary, an artificially obliterated one, for 
drainage of a cerebellar abscess associated with disease of the ear. 


out is often doomed to failure as the tube never enters the cavity, but 
slides along the outer wall of the abscess. 


SIMPLE PUNCTURE AND DRAINAGE FOLLOWED BY IMMEDIATE 
CLOSURE OF THE WOUND 


Simple puncture and drainage followed by immediate closure of the 
wound was advocated by Dandy in the October 30 number of The Journal 
of the American Medical Association, 1926. I have not had any per- 
sonal experience with this procedure, but feel that in the future certain 
situations will arise in which it will be useful. In commenting on the 
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five deaths in this series, reference will be made to its possibilities. 
One’s reaction at present is somewhat as follows: 

If it is possible to place a tube to the bottom of a well encapsulated 
abscess, as shown in figure 2, recovery is likely to take place, and one is 
loath to discard such a procedure. If, however, at the time of initial 
exploration through a nick in the dura, pus is located at some depth, say 
over 2 cm., or if it is felt that there is a poor capsule, simple tapping 
would be resorted to, not so much, perhaps, with the idea of obtaining a 
permanent cure as to tide the patient over. Subsequent -exploration, if 


necessary—and it appears that it would be necessary in the large per- 
centage of cases—might locate the abscess in a site where it was closer 
to the surface and where tube drainage could be carried out through a 














Fig. 11—Two small chronic abscesses buried in a mass of reactionary tissue. 


small opening without excessive damage to the brain and the fear of 
uncontrollable herniation. 


COMPLETE REMOVAL OF ABSCESS 


A small abscess may give rise to such a mass of reactionary tissue 
that it has to be treated as a tumor of the brain and be removed in toto. 
The following case (fig. 1) illustrates this point and also suggests that 
some of the patients who are cured following drainage or tapping may 
have a return of symptoms from a residue of infection causing sufficient 
reaction to bring about a tumor-like mass. 


Case 6 (fig. 11) —A woman, aged 45, was admitted to the hospital in coma. 
There were no relatives, and the only history obtainable was that she had com- 
plained of headache for some months and had been unsteady on her feet at times. 
Both disks were badly choked. No localizing signs could be made out. While 
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preparations were being made for puncture of the ventricles, the patient died. At 
necropsy a tumor mass the size of a large walnut was found buried deep in the 
right frontal lobe. On section, two small abscesses each about 2 cm. in diameter 
were found side by side in the mass. A marked edema of the right hemisphere 
had produced sufficient intracranial pressure to cause death. A pure culture of 
Staphylococcus aureus was grown from the pus. 











Coemment.—Cure in such a case by drainage or tapping could not be 
imagined. Death was brought about by an acute edema of the brain 
similar to that occasionally seen with comparatively small supratentorial 
tumors. A simple decompression alone might have been of value if the 
patient had been seen earlier ; the ideal treatment, of course, would have 
been complete removal of the tumor-like mass. 


i ihe a RT ELL LS LOO ET EET: 





COMPLETE HERNIATION OF ABSCESS 















The following case which presents some unusual and interesting 
features will be reviewed before the analysis of the five deaths in the 
series. The opportunity is not likely to arise often in which pus may 
be drained from two sites inside the cranium at the same time. The 


final result has been most gratifying, despite the loss of considerable 
brain tissue. 
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Case 7 (table).—Three operations for two separate collections of pus. Recovery. 
R. S., a boy, aged 17, was admitted to the hospital on Feb. 9, 1927, in a semi- 
stupor, following a generalized convulsion. He had been in good health until ten 
days previously, when he became aware of a pain over his right eye. He continued 
to play hockey, but was kept awake at night by the pain. In three or four days, a 
swelling appeared over the right frontal region; this was opened by an incision 
through the skin. Considerable pus escaped, and the pain was relieved. The 
patient, however, remained in bed, and was dull and apathetic, but nothing definite 
was noticed until the day of admittance to the hospital when he had a generalized 
epileptic seizure. After the patient had been in the hospital a few hours, he 
brightened up considerably, and a neurologic examination was carried out with 
good cooperation and with completely negative results. The incision in the skin 
over the right forehead was healed, and no swelling or tenderness could be detected 
in this region. 

During the next six days, a series of epileptic seizures occurred, some of which 
were definitely localized in the left arm. The disks became acutely choked, although 
there was no vomiting or complaint of headache—the grip in the left hand became 
persistently weak. X-ray examination showed a cloudy right frontal sinus. Opera- 
tion was decided on, largely because it was becoming impossible to control the 
epileptic seizures which recurred with increasing severity. The history was so 
short that it was feared that operation might do more harm than good. 
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Operation.—A burr hole was made over the prerolandic arm area on the right 
side; the dura was nicked, and there was an immediate spurt of a small amount 
of thick, white pus. The dura was opened farther, and one could appreciate that 
the pus was welling up between the arachnoid and dura. A trough was then cut 
in the bone forward for 4 cm., and the dura was laid open. When the brain was : 
pressed away, small amounts of pus would well up. The arachnoid was not j 
inflamed, and the dura appeared normal. Not more than from 3 to 5 cc. of pus 
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were obtained. The tension of the brain had not been relieved. It was felt that 
the observations up to this point accounted for the epileptic seizures, but that there 
was something further causing the increased tension in the brain. Accordingly, an 
incision was made over the frontal sinus; most of the anterior wall was found to 
be a sequestrum which could be lifted out. There was a defect in the posterior 
wall 1 cm. in diameter. A small opening could be seen in the dura through which 
pus was oozing. The opening was enlarged—pus poured out and a tube was placed 
to the bottom of a chronic abscess about the size of a small hen’s egg. 

The patient was discharged, apparently cured, in forty days. At the time of 
operation, Staphylococcus aureus was cultured from: (1) the rolandic area, (2) 
the frontal sinus and (3) the abscess of the frontal lobe. 

The patient returned to the hospital three months later. Ten days previously, 
he had commenced to have headaches and gradually became dull and apathetic. 
Both the previous operative fields were bulging and tense; the disks were again 
choked. A puncture was first made through the operative field in the rolandic 
area with negative results. The old wound in the frontal region was opened. 
More bone was removed, and preparation was made to evacuate thoroughly an 
abscess in this site. Pus was located at a depth of 2 cm.; only a few drops were 
allowed to escape; the needle was withdrawn, as it was thought that a large abscess 
would be located without difficulty. Then commenced a harrowing experience. A 
2 cm. incision was made in the scarred dura; the brain was transected, but no 
abscess was discovered, nor could the pus again be located with the needle. Con- 
siderable trauma to the frontal lobe resulted; the brain commenced to herniate; a 
small tube was left in, but the situation seemed hopeless. For the following ten 
days, the dressings were carefully done; on several occasions, herniated edematous 
brain which was overflowing the dural opening-was cauterized off. Finally, one 
morning, the dressing was saturated with blood and some pus; there was a soft 
fresh cerebral hernia the size of an egg. This was cauterized off, and in the 
center of it a ruptured abscess, 2 cm. in diameter, was found. From this time on, 
convalescence was rapid. 

The patient returned two months ago after completing a successful year in 
school. The ragged pulsating scar in the frontal region (fig. 12) was resected, and 
the bone opening was repaired with a piece of a celluloid soap box. 

Note.—The history of this case has been carefully retaken from the mother 
and the patient. For a year before his first admittance to the hospital, he was 
having trouble in school, especially with algebra, in which subject he was at the 
bottom of the class. At no time during the past year did he have any headache or 
nausea or even complain of pain in the region of the frontal sinus. Despite the loss 
of a considerable amount of the right frontal lobe from herniation, the patient has 
a pleasing disposition and stood fourth in his class at school this past year, making 
nearly 90 per cent in algebra. 


AN ANALYSIS OF FIVE DEATHS FOLLOWING OPERATION FOR 
ABSCESS OF THE BRAIN 


Case 8 (table).—Death on the operating table which. might have been 
prevented. 


History—P. G., a man, was admitted on March 24, 1926, five and one-half 
weeks after the extraction of a tooth from the left upper jaw. The pain in the 
socket was intense for several days following the extractidén. A discharge then 
developed from the left nostril, and the pain was relieved; two weeks later, severe, 
left supra-orbital pain developed. On April 11, he was confused; the pulse rate 








McKENZIE—ABSCESS OF THE BRAIN 1611 


varied from 44 to 48; there was bilateral choking of the disks. On April 12, a 
Killian operation was performed on the left frontal sinus. The sinus was filled 
with foul, yellow pus; the mucous membrane was stripped off and the bone found 
intact. After this operation, the patient’s condition improved slightly, but two days 
later he had a convulsion and did not regain consciousness. When seen several 
hours later, the patient was draped for operation and was having about five 
labored respirations a minute. After a hurried consultation, a burr hole was made 
over the left frontal lobe. A large abscess was located close to the surface. A 
tube was placed to the bottom of the abscess when the patient died. 





j 





Fig. 12 (case 7, R. S. in table).—Illustrating the repair of a pulsating defect 
in the bone with a piece of celluloid; the photograph was taken ten days after 
operation ; the result two months later was satisfactory. 


Autopsy—tThere is no record that a culture was made. The abscess was the 
size of a hen’s egg, had a well defined capsule and was separated from the frontal 
sinus by 1 cm. of apparently normal brain tissue. 


There was no evidence of 
adjacent localized meningitis. 


The abscess had not ruptured into the ventricle. 


Comment.—This patient’s death was hastened, if not caused, by the 
mistake of permitting him to lie on his back with the tongue obstructing 
respirations. For the moment, more attention should have been paid to 
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the patient’s breathing and less to getting into the abscess. The patient 
really died of asphyxia. 


Case 9 (table) —Compound fracture. Uncontrollable herniation. Death. 

B. O., a woman, had received a compound fracture of the skull over the rolandic 
arm area. At the time of injury, all the loose fragments of bone were not 
removed. The wound was infected, and osteitis with an underlying abscess of the 
brain developed. 

When the patient was seen, there was a hernia cerebri the size of a large 
walnut. A small amount of pus was located in this, but the tension was not 
relieved. The hernia became uncontrollable, hemiplegia became complete and the 
patient died. Permission for an autopsy could not be obtained. 


Comment.—The case illustrates well the teaching that in a compound 
fracture of the skull all loose fragments of bone and débris which may 
harbor infection should be removed. 


Case 10 (table).—Boils, prostatic abscess, abscess of the brain, pulmonary 
abscess. Death. 


History.—H. C., a man, aged 42, developed a series of boils and then a prostatic 
abscess which was drained. Staphylococcus aureus was cultured from the pus. One 
month later, there was a period of from three to four days when he had a severe 
headache and high fever. Progress then seemed to be fair, but always there was 
some slight temperature, and the patient was listless and did not get out of bed. 
One month later, he coughed up a lot of sputum and it was felt that he had emptied 
an abscess of the lung, although thorough clinical and x-ray examination at this 
time failed to locate any lesion in the chest. He again improved, but a few weeks 
later again complained of headache and difficulty with his vision. When the patient 
was seen, he talked readily and cooperated well. The disks were normal, and one’s 
first impression was that the patient did not have an abscess of the brain. Further 
routine examination disclosed a right upper homonymous field defect; then, careful 
examination was made for any manifestations of aphasia, and the following facts 
were made out: 


1. When asked the year and the month he could not remember, but when the 
correct answer was suggested he knew it was right. 


2. Various common objects were readily named. 


3. He quickly forgot my name, and had had great difficulty remembering proper 
names for some weeks. 


4. Although much interested in the Dempsey-Tunney fight, he could not read 
the newspaper reports and understand them.’ When they were read to him, how- 
ever, he understood perfectly. 

5. Ordinarily, he was accurate with figures, but now he could not add simple 
sums, either with or without the help of pencil and paper. A diagnosis of a lesion 
of the left temporal lobe was made. The lesion was thought to be far back 
because of the difficulty with figures and the fact that common objects could be 
readily named. 

There was no urgency about intracranial exploration. The case was carefully 
observed for the next three and one-half weeks. The left-sided headache became 
more severe and was associated with considerable pain over: the distribution of the 
fifth nerve. It was thought that the corneal reflex was lessened on the left. 
Vomiting was frequent, but there was no choking of the disks. 
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Exploration was decided on, and, because of the apparent involvement of the 
fifth nerve, the first puncture was made into the anterior part of the temporal lobe; 
the ventricle was located, and clear fluid escaped in small amounts. The brain was 
against the dura, but not under undue pressure. Another burr hole was made 
farther back, and through this four negative punctures were made. During the 
next ten days, the patient’s condition was unchanged. The temperature was occa- 
sionally over 99 F. The white blood cells numbered 12,000. The field defect 
remained the same. He was able to carry on a fair conversation, only occasionally 
having difficulty in getting a word. The inability to read and do simple sums in 
arithmetic persisted. The disks now commenced to show some choking. Another 
burr hole was made over the extreme posterior and lower part of the occipital 
region. An abscess was felt at a depth of 2 cm. with a resistant capsule. A tube 
was placed in the abscess, but with difficulty, because it was not close to the surface 
and it was difficult to get retractors inside the capsule. In the four months 
following, moderate herniation with slight discharge persisted; the aphasia was 
little changed; the disks remained moderately choked. A pulmonary abscess was 
located, drained and apparently healed. Finally, the patient collapsed suddenly, 


quickly became utconscious and died in a few hours with a high temperature and 
fast pulse rate. 


Autopsy—An abscess in the lung, a large abscess in each kidney, one at the 
base of the bladder and also a right-sided empyema were revealed—all due to an 
infection with Staphylococcus aureus. 


Figures 13, 14, 15 and 16 show the lesions in the brain. 


Comment.—This is the one patient in the series whom one has no 
ambition to treat again. The pulmonary abscess and _ prostatic 
abscess had apparently been efficiently drained and healed months before 
death, yet large collections of pus were found at these sites at autopsy. 
The abscesses in the kidneys had not been suspected. During all this 
long illness (six months), the patient’s general condition was fair; the 
temperature rarely rose above 100 F.; the white blood cells numbered 
around 12,000. Until there are some means of increasing the patient’s 


resistance in this type of case, it is unlikely that many recoveries will 
be brought about. 


CasE 11 (table).—Abscess of the frontal lobe associated with disease of the 
frontal sinus. Death. 


History —C. B., a youth, aged 20, was admitted on Feb. 19, 1928, three weeks 
after he had had an acute condition of the left frontal sinus and antrum. These 
were drained, and the patient was discharged from the hospital. The day before 


entrance, the mother telephoned to say that her son’s brain did not seem to be 
functioning properly. 


When he was first seen, no positive evidence could be made out, apart from 
some dulness and a feeling that his judgment and general mentality were not quite 
normal. It was suggested that a radical operation be performed on the frontal 
sinus. The sinus was filled with pus; there was no osteomyelitis of the posterior 
wall. Four days later, a generalized convulsion occurred. When he was seen 
shortly after this, there was a marked Babinski reflex, with a tendency to ankle 


clonus on the right side. No difference could be made out between the right 
and left arms. 
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During the next ten days, choked disks, a weakness of the right arm, a dimin- 
ished right abdominal reflex and definite weakness of the right leg developed. 
Occasionally, there was difficulty in getting the right word, and the patient became 
dull and listless, and looked ill. A diagnosis of abscess of the brain could definitely 
be made. Three days later (four weeks after the first sign of intracranial trouble), 
an emergency operation had to be done, as the patient had gone into a state of 
deep coma. 


Fig. 13 (case 10, H. C. in table).—At the first operation, negative punctures 
were made at N 1 and N 2. The puncture at N 2 was higher than the operator 
planned for. If it had been placed lower, one of the undrained abscesses would 
have been located. Figures 14, 15 and 16 were made at the points designated as 
C, D and E. The site of drainage was at O. 


Operation—A burr hole was made over the left prerolandic arm area. An 
abscess could be palpated at a depth of 3 cm. anteriorly and toward the midline. 
The burr hole was enlarged in this direction, and the dura slit up. An area 
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appeared where the arachnoid and dura were glued together. At this point, the 
abscess could be palpated 1 cm. below the surface. The abscess was opened, and 
thin pus flowed freely ; retractors were put into the abscess, but the wall was poorly 
defined and intracranial pressure was such that inspection of the cavity was 
difficult. The cavity was deep so that a tube 2 inches (5 cm.) long was placed in 
it. It was felt at the time that the abscess must be close to the ventricle. A short 
chain streptococcus was cultured from the pus. Shortly after the termination of 








Fig. 14 (case 10, H. C. in table).—Section at E through the site of drainage. 
The posterior end of a fairly large abscess was being imperfectly drained. A 
smaller undrained abscess is seen at A. 


the operation, the patient was conscious but, much to my dismay, cerebrospinal 
fluid was coming from the tube. The patient died a week later from meningitis 
and terrific uncontrollable herniation. 

Autopsy—The autopsy was carried out under difficulties, and the brain had to 
be removed through a relatively small opening in the bone. The ventricles and 


RF 














nS eS 


pn 


1616 ARCHIVES OF SURGERY 


surface of the brain were acutely inflamed. Loss of brain tissue from herniation 
had been so extensive that the original site of the abscess was a large ragged 
cavity opening into the lateral ventricle. The abscess wall could be seen (fig. 17). 
Case 12 (table) —Cerebellar abscess unexpectedly found during an operation 
for a supposed tumor. Drainage of cisterna magna for five weeks. ‘Death. 
Major S., aged 45, had had intermittent severe bouts of generalized headache 
for one and one-half years. The last attack persisted for several days, was uncon- 


Fig. 15 (case 10, H. C. in table)—Section at D. The abscess X is the one 
that was being imperfectly drained. The posterior end of a large undrained abscess 
is just coming into view lateral and anterior to the one that was drained. 


trolled by morphia and was associated with some vomiting. Good cooperation was 
obtained on examination. There was a moderate choking’ of both disks, and a 
diminution of the left abdominal reflex. On repeated examinations, no other posi- 
tive signs could be-elicited. No caloric tests were done. A ventriculogram showed 
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large lateral ventricles and a persistent filling defect in the right occipital horn. 
No defect could be made out in the eye field to fit in with a lesion in this situation. 
A right occipital exploration was carried out with negative results. A large 
temporal decompression was left. The decompression remained soft for four days, 
and the headache was relieved. Headache and vomiting then became marked. The 
decompression bulged and was very tight. Dr. Percival Bailey saw the patient at 
this time and suggested that the lesion was probably in the posterior part of the 





Fig. 16 (case 10, H. C. in table).—Section at C. A large abscess which was 
not located. It lies lateral and anterior to the one which was drained posteriorly. 
Two other small abscesses can be seen medial to the large one. The track of the 
negative exploratory punctures can be seen just above the abscess. 


third ventricle, especially in view of the fact that the third ventricle was not clearly 
seen in the anteroposterior plate. Further ventriculogram studies were made. The 
third ventricle filled well. Lateral plates were not made for a study of the occipital 
horn in this series. 
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The usual Cushing cerebellar exposure was carried out. The midline was 
pushed to the left, and there was a marked herniation of the lower pole of the right 
hemisphere which could just be teased up from under the arch of the atlas. Punc- 
ture into the right hemisphere high up in the field met resistance at a depth of 
2 cm. At first it was thought that the tentorium was the cause of the resistance. 
Several punctures were made and in the last one, which did not meet the usual 


resistance, thick pus was seen in the eye of the needle. No organisms could be 


Fig. 17 (case 11, C. B. in table)—Shows the ragged cavity at the original site 
of the abscess. The right cerebral hemisphere weighed 665 Gm., whereas the left 


weighed only 545 Gm. This loss of brain tissue from uncontrollable herniation took 
place through a dural opening 3 by 2 cm. 


seen in the microscopic examination. It was felt that the abscess was small and 
that perhaps it could be removed in toto. In view of the length of the history 
(one and a half years), it was hoped that the pus might be sterile. 


The cortex was 
transected down to the capsule which was firm and well defined. 


After getting 
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about half way around the abscess, thick, white pus began to ooze from the small 
opening in the capsule which had been made by one of the needle punctures. The 
deep part of the capsule was still firmly anchored in the site of the superior 
peduncle. The abscess was then freely incised; about 3 cc. of thick, white pus were 
sucked up and a tube placed to the bottom of the small cavity which was not more 
than 2 cm. in diameter. The abscess wall was about 3 mm. in thickness. The tube 
was brought out through a stab wound in the muscle and scalp flap. During these 
procedures, all possible precautions were taken again general soiling of the whole 
operative field. The usual closure was made with fine interrupted silk. A pure 
culture of. Staphylococcus aureus was grown from the pus. 

During the next week, progress was satisfactory. The patient was nursed with 
the wound exposed at all times, so that the slight discharge from the tube could 
be kept wiped away and ‘not soil the incision in the scalp. The incision all 
healed firmly, but about the seventh day the patient’s condition was not satisfactory. 
The supratentorial decompression was again becoming tight, and the upper part of 
the midline cerebellar incision was commencing to bulge. A few days later, the 
upper part of the midline incision was opened, and about 10 cc. of pus escaped 
from between the muscle and the scalp flap. Four days later, the supratentorial 
decompression became tight, and the temperature which had never been above 
99.5 F., shot up to 104 F. The respirations became fast and labored, and in a few 
hours the patient was unconscious and death was imminent. The lower part of the 
midline incision was opened, the arches of the atlas and axis were removed and the 
dura was slit from above downward. Clear cerebrospinal fluid flowed freely. It 
was impossible to prevent contamination from the pus in the upper part of the 
incision, and it was assumed that a meningitis would develop, so a tube was tied to 
the dura with catgut. 


Immediately, there was an improvement in the patient’s condition, and a few 
hours later he was again conscious. Cerebrospinal fluid continued to flow freely. 
The supratentorial decompression collapsed, and the pulse rate and respirations 
became normal. Two days later, the cerebrospinal fluid was cloudy and Staphylo- 
coccus aureus was cultured from it, but there were no clinical signs of meningitis. 
The patient lived five weeks longer. Cerebrospinal fluid drained freely all. the 
time. Gradually, the patient refused nourishment and sank into a semiconscious 
state; nasal feedings were given every three hours during the last ten days of. life. 
‘Several days before death, the upper part of the midline incision was opened 
freely and a large collection of pus drained from beneath the muscle flap on the 
right side; for a short time it was hoped that this might turn the tide. Finally, 
the patient died from a failing heart, but- without signs of respiratory failure. The 
supratentorial decompression remained soft to the end. 


Autopsy—Permission for a partial necropsy was obtained. The sinus from 
which cerebrospinal fluid had flowed continuously for five weeks before death was 
injected with methylene blue. The skull cap was removed and showed the sub- 
arachnoid space over both hemispheres filled with methylene blue (methylthionine 
chloride, U. S. P), and without evidence of meningitis. The cerebellum was soft 
and was removed with great difficulty. The remains of the small abscess could be 
seen. There were large collections of pus in each angle. There was no gross 
spread of infection through the cerebellum itself. Section of the cerebral hemi- 
spheres showed a congenital occlusion of the right occipital horn which accounted 
for the filling of the defect with air and the consequent negative exploration 
in this area. 
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Comment.—After the abscess had been located, the history was 
reviewed. Two years before, the patient had several boils on the back 
of his neck on the left side. Six months later, he had the first bout of 
headache. In between bouts of headache, the patient was perfectly well, 
and never had any unsteadiness. An intermittent edema and herniation 
of the right cerebellar hemisphere was the probable explanation of the 
bouts of headache. 

How much better for the patient if the operator had not located 
the lesion at the second operation, as a cerebellar decompression alone 
would have relieved the block in the circulation of the cerebrospinal 
fluid, and probably the abscess would have remained quiescent for years. 

When the diagnosis was definitely established by the observation of 
pus in the eye of the needle, one should have stopped and been content 
with the decompression, or possibly some of the pus might have been 
aspirated. The few organisms along the track of the needle would likely 
have been taken care of. It is probably wrong to work on the assump- 
tion that any abscess is sterile. Certainly this patient’s death was 
brought about by a contamination of the whole operative field and 
illustrates well how a deep abscess of the cerebellum should not be 
handled when unexpectedly found with the whole of the cerebellar 
region exposed. It was of great interest to find that the injection of 
methylene blue showed that the cerebrospinal fluid pathways were not 
blocked, even after a mild infection in the cerebrospinal fluid, and the 
gross collections of pus between the arachnoid and dura in the angles. 
If the patient had recovered, apparently there would have been no 
difficulty in reestablishing the normal circulation of the cerebrospinal 
fluid by closure of the sinus. 

SUMMARY 
A presentation has been made of personal views, largely from the 


standpoint of treatment. The five deaths in the series have been 
reported in detail and critically commented on. 








ELASTIC TISSUE IN MENINGEAL FIBROBLASTOMAS 
SO-CALLED “DURAL ENDOTHELIOMAS” * 


WILLIAM P. VAN WAGENEN 


It was my good fortune to find in Professor Spielmeyer’s collection 
of tumors of the brain a benign meningeal tumor—meningeal fibroblas- 
toma—or as it is more widely known, a “dural endothelioma” which 
seems to offer well nigh conclusive evidence of the ability of the type cell 
of this tumor to form elastic tissue. This is of interest since it adds still 
another bit of evidence, though indirect, of the potential fibroblastic 
nature of the cells of this tumor. Fibroglia fibrils, collagen fibrils and 
elastic fibers are the well known products of cells potentially fibroblastic. 
As Mallory has pointed out, elastic tissue may and often does grow out 
from the dura into these tumors where it is being invaded. It may 
likewise arise within the tumor from the stroma or the blood vessels. 
In this particularly favorable specimen the elastic tissue did not seem 
to arise from either of these sources. The attachment of the tumor 
was relatively slender and stalked, being about 1.5 cm. in diameter. 
Serial paraffin sections failed to show any increase of elastic tissue in the 
dura. In the stalk and the portion of the tumor nearest the dura there 
was none whatever. In other respects this part of the tumor was typical 
of a meningeal fibroblastoma. The dura was definitely though not exten- 
sively invaded. 

The tumor discovered at autopsy was a small one, measuring 3 by 
4 cm. in diameter. It was hard and reddish and was not attached to 
the arachnoid. From the gross specimen a diagnosis of a meningeal 
fibroblastoma seeemed unmistakable. Fixation and preservation had 
been made in 10 per cent solution of solution of formaldehyde for six 
years. The tissues were stained for fibroglia fibrils with Mallory’s 
phosphotungstic acid hematin after washing for forty-eight hours, fixing 
thin slices in Zenker’s fluid and mordanting for seventy-two hours in 
3 per cent potassium bichromate. By this method fibroglia fibrils could 
be demonstrated beyond question here and there. Elastic tissue was 
also stained by this method a bluish black when the fibers were coarse 
and heavy. The finer fibers did not stain well or usually not at all. 
Bailey’s ethyl violet-orange was also used for fibroglia. For tissues 
fixed in formaldehyde it is difficult though possible to demonstrate good 
fibroglia fibrils here and there by this method. Elastic tissue stains 2 
dark blue. The constancy of this stain is not so great as the better 


known Weigert’s or Verhoeff’s stain for elastic tissue. Foot’s stain 


* From the Laboratory of Professor W. Spielmeyer, Forschung’s Anstalt fiir 
Psychiatrie und Neurologie, Kraepelin Strasse II, Miinchen, Germany. 
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for reticulum was used after refixation in Zenker’s fluid and mordanting 
in 3 per cent potassium bichromate. Perdrau’s stain and Mallory’s 
aniline blue were used for connective tissue of the stroma. All of the 
material was embedded in paraffin and sectioned 6 microns thick. Well 
away from the dural attachment of the tumor—1 cm. or more—elastic 


tissue fibers were everywhere abundant (figs. 1 and 2). They were 





Fig. 1—Section of Meningeal fibroblastoma showing elastic tissue diffusely 
scattered through tumor tissue. Weigert’s iron- resorcin-fuchsin stain; 6 microns 
x 120. 


found between the typical large, flattened, spindle-shaped tumor cells 
where the stroma was scanty or well nigh absent as well as where it 
was more abundant. There was a good deal of variation in their size 
and shape and in the intensity of their staining reactions indicating an 
immaturity of many of the fibrils (fig. 3). As stated before, delicate 
fibroglia fibrils were to be found surrounding the cells in many areas. 
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In a few places with Bailey's ethyl violet-orange G. stain, which stains 
both fibroglia fibrils and elastic tissue, the former could be seen under- 
going condensation to form elastic fibers (fig. 4). . Hortega, according to 
Penfield, believes that this is not an uncommon means by which elastic 
tissue may be formed. Psammoma bodies were fairly numerous indi- 
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Fig. 2 Elastic tissue from same section as in figure 1. Weigert’s iron-resorcin- 
fuchsin stain; 6 microns x 860. 





cating a slow growth of the tumor. Mitoses were not observed. Whorl 
formation was fairly common. The connective tissue stroma was 
extremely scanty, particularly where the elastic tissue was most dense, 
and it seems unwarranted to think that it had given rise to such an 
abundance of elastic tissue as existed. 
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Mallory’ has likewise observed elastic tissue in these tumors but 
believed that it is an ingrowth from the dura. He has also pointed out 
the fibroblastic nature of these tumors and showed that they are not 
derived from the “dural endothelium,” which does not exist. For the 
so-called dural endothelioma he has proposed the name of arachnoidal 
fibroblastomas. Penfield,? in an excellent study of the benign tumors 


| 














Fig. 3—Area of tumor showing the variations in staining reaction of elastic 
fibers. Fibers are more immature, straighter and more irregular in outline. 
Weigert’s iron-resorcin stain; 6 microns « 860. 


1. Mallory, F. B.: The Type of Cell of So-Called Dural Endothelioma, J. M. 
Research 41:349, 1920. 

2. Penfield, Wilder: The Encapsulated Tumors of the Nervous System- 
Meningeal Fibroblastomata, Perineural Fibroblastomata and Neurofibromata of 
von Recklinghausen, Surg. Gynec. Obst. 45:178, 1927. 























Fig. 4.—Early formation of elastic fibrils from-condensation about long delicate 
fibroglia fibrils. Water color drawing. Bailey’s ethyl viclet-orange G. stain: 
6u X 1,200. 
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of the central nervous system, has shown the close relationship of these 
tumors to those of the eighth nerve and of the peripheral nerves known 
under the name of von Recklinghausen’s disease. He has suggested the 
somewhat more comprehensive and inclusive term of meningeal fibro- 
blastomas for them. Rhoads and I, in extending this study with refer- 
ence to the tumors of the eighth nerve, found abundant elastic tissue 
arising from the cells of the tumor where there could be no question of 
invasion from the dura. We also believed that the presence of elastic 
tissue in these tumors of the eighth nerve lends support to the concep- 
tion of their potentially fibroblastic nature and would likewise designate 
them as meningeal fibroblastomas (of the nervus acousticus). 


CONCLUSION 


The type cell of the meningeal fibroblastoma—so-called “dural 
endothelioma”-——can apparently give rise to elastic tissue. This is taken 
as another bit of evidence of the potentially fibroblastic nature of these 
tumors. A description of a tumor is presented in which elastic tissue 
was found in abundance well away from and unassociated with the 
dura. The elastic tissue was in too great abundance to come from the 
stroma. The variations in size, shape and staining reactions and its 
close relationship to the tumor cells strongly suggest its origin from the 
cells. Coalescence of and condensation about fibroglia fibrils to form 
elastic tissue were observed. The designation of the so-called “dural 


endothelioma” by Penfield as meningeal fibroblastomas seems to be a 
most comprehensive one. 





3. Rhoads, C. P., and Van Wagenen, W. P.: Observations on the Histology 
of the Tumors of the Nervus Acusticus, Am. J. Path. 4:145, 1928. 
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POST-TRAUMATIC HEADACHE TREATED BY SPINAL 
INSUFFLATION OF AIR* 


DOUGLAS BOYD 


The speed of urban life accounts for an increasing number of 
cranial injuries, which may not necessarily prove fatal, but often result in 
distressing and disabling headaches and dizzy sensations. These symp- 
toms have been difficult to relieve. Patients with such symptoms form 
a persistent group in the traumatic clinic of Dr. Forrester, Dr. Lyman 
and myself, and they continue to report until the supply of palliative 
measures is exhausted. Often these complaints may be stimulated or 
aggravated by the desire for compensation or by anticipation of a 
successful lawsuit. This feature should not, however, lead one to dis- 
count these symptoms, for we have observed the same prolonged dis- 
comfort in a number of independent, intelligent patients in whom desire 
for compensation (or revenge) played no part. 

All these patients complain of similar persistent headache, sensations 
of dizziness, restlessness and, usually, increased fatigue. These symp- 
toms may last for a few months to a year or more, but gradually 
decrease in severity until they finally disappear. It is the long duration 
of distress and disability that causes an important economic loss. 

We have treated a large number of patients with cranial injuries 
in the accepted conservative ways, usually over a period of several 
months. Our results were not encouraging, for often after careful 
study such patients would be dismissed finally, still complaining of some 
headache. Our records showed entirely normal physical signs, but the 
headaches remained. 

Encouraged by Penfield’s' report of success in seven patients 
treated by lumbar insufflation of air, we began in January, 1928, to use 
this method. Ten patients have now been treated, with results here 
reported. 

TECHNIC 


We have used the technic described by Penfield: “The puncture is carried out 
in the operating room [as a major procedure], with complete aseptic technic. The 
patient may be given % grain of morphine at the start and should receive more 
later if necessary, or scopolamine may be used with morphine (Straus and 
Friedman). 

“If the location of the headache is rightsided, place him on his left side, on a 
horizontal table. [This position is most important in order to allow the injected 
air to pass to the upper portion of the subarachnoid space.] Do a lumbar puncture 


* From the Traumatic Clinic of Drs. Forrester, Lyman and Boyd, Chicago. 


1. Penfield, W.: Chronic Meningeal Headache and Its Specific Treatment by 
Lumbar Air Insufflation, Surg. Gynec. Obst. 45:747, 1927. 
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and measure the spinal fluid pressure. Then tip the table so that the head is 
approximately thirty to forty centimeters above the feet. If the headache is in 
the middle or anterior third of the head, rotate the brow up about forty-five degrees 
or less. In this position air passes directly to the fronto-parietal region via the 
basal cisterns, very little enters the ventricle. 

“Withdraw fluid in five cubic centimeter amounts, alternately injecting after 
each withdrawal five cubic centimeters of air which has been filtered through 
cotton.” 

We have found an accurately fitted Luer syringe much simpler in use than the 
three way system used by Penfield. The syringe is always available, easy to handle 
and much less expensive equipment than Penfield’s. It has proved satisfactory in 
our hands. The air is, of course, drawn in through sterile cotton before injection. 

“About one hundred cubic centimeters of air or less may be thus injected 
[depending on the amount of spinal fluid drained] and it will completely fill the 
cerebral arachnoid spaces and basal cisterns. At the close the pressure should be 
about normal. 

“Without altering his position, the patient is sent to the x-ray room where 
horizontal and perpendicular plates are made in each head-position by the usual 
routine. . . . Before radiographing the head in each new position (i. e., occiput 
up, other side up and brow up), the head is oscillated thoroughly so that the air 
is carried through all parts of the subarachnoid space before the end of the 
procedure.” 

The patient should then remain flat in bed until the headache caused by insuffla- 

tion has entirely disappeared (from two to eight days in our series). We have 
kept the patients with lateralized headaches placed in bed ‘so that for the first 
several days the affected side was uppermost. This was in order that the air might 
remain in the part in which we desired it. 
We have elevated the head of the bed on low shock blocks, as Penfield sug- 
gested. The air disappears slowly, for roentgenograms taken immediately, at 
twelve, twenty-four and one hundred hours on each of our patients, demonstrated 
considerable air to be present at all these intervals. Usually the headache disap- 
pears before complete disappearance of the air. In all cases studied, the roent- 
genograms showed no air in the cranium after twelve days. 

The amount of cerebrospinal fluid removed varied from 50 cm. in our first 
patient, to 100 cm. in case 9. In all patients, after our first, we drained all the fluid 
we could obtain. The subsequent reactions and the final results obtained did not 
seem to bear any relation to the amount withdrawn. 


REACTIONS 


All patients began to complain immediately during the procedure of 
an increase in the severity of the headache. This headache was gen- 
eralized, and much more severe than previously experienced. It usually 
reached a maximum in a few hours, then gradually subsided, to 
disappear entirely in from two to five days. In only one instance were 
symptoms of increased intracranial pressure observed. This patient had 
projectile vomiting several times during the hour immediately following 
insufflation. We attributed the pressure symptoms to an increased 


intracranial pressure due to a technical fault in replacing the fluid 
withdrawn. This was not repeated. 
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No patient developed fever, nor was any evidence of infection 
noted. During the insufflation, the pulse rate was noted to rise con- 
sistently from 10 to 20 beats per minute. The rise was never alarming 
and in every instance returned to normal within twenty-four hours. 
The blood pressure rose (insignificantly) during the procedure. The 
systolic pressure remained higher than the preoperative level. This 
seemed important, for in several patients observed to have a subnormal 
blood pressure and associated symptoms of lassitude and drowsiness 
before the insufflation, the rise in blood pressure was sufficient to bring 
this to normal. With this rise in blood pressure, the symptoms of 
drowsiness and easy fatigue disappeared. 

Neither the reactions nor the symptoms following puncture seemed 
related to the amount of air replacing the cerebrospinal fluid removed. 
The postpuncture symptoms were seen to be equally severe in all. It 
is interesting that no significant change in the character and cell count 
of the spinal fluid could be found at the second puncture in case 1. 





REPORT 





OF CASES 


Case 1—Headache and dizziness for a period of four weeks following trauma. 

Louis M., married, white, a Slavic laborer, aged 39, was under treatment and 
observation from the time of his injury; he suffered a contusion over the occipital 
region when he fell from a wagon onto the pavement. He was unconscious for 
about ten minutes, was taken to a hospital where he remained for a short time, and 
was then sent to his home. The results of the physical examination, aside from a 
contusion on the scalp, were entirely negative. He was treated at home for about 
three weeks by rest in bed, sedatives, dehydration with large and frequent doses 
of magnesium sulphate. His headaches were intermittent, were generalized over 
the skull, and seemed to be worse at night. No medication or maneuvers seemed 
to relieve these headaches, and after varying lengths of time they would pass away 
gradually. Roentgenograms were taken of the skull, but did not show any fracture. 


The blood pressure was 115 systolic, 80 diastolic; the Wassermann reaction of the 
blood was reported negative. 


Lumbar Insufflation—The spinal fluid was clear, with 6 cells per cubic mil- 
limeter ; the Wassermann reaction was negative. 

In the operating room with aseptic technic, 50 cc. of spinal fluid was removed 
in 5 cc. amounts and alternately replaced by 5 cc. amounts of air which had been 
filtered through cotton. During this procedure the pulse rate rose from 70 to 100; 
at the termination of the procedure the blood pressure was 132, systolic and 90, 
diastolic, showing a rise of 17 mm. of mercury in systolic pressure. Immediately 
the patient complained of severe generalized headache, much worse than he had 
experienced prior to the injection. He was taken directly to the x-ray room where 
a roentgenogram showed well outlined or defined brain convolutions; the general 
picture had a cottony appearance. A shadow was observed in the midportion of 
the superior vault that suggested the position of the falxcerebri in the portion of 
the air trap in that location. 

The man had severe headaches for about three days; the headaches gradually 
decreased. He complained of feeling very weak, and his appetite was poor. The 
pulse rate returned to normal in twenty-four hours; he complained of some head- 
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ache in the posterior occipital region; previously, all the headaches had been 
generalized. He was kept in bed in the hospital for about ten days, and then 
discharged to his home. Four weeks after the injection, he reported that the 
headaches and dizziness had entirely disappeared. He complained of some weak- 
ness at that time. Physical and neurologic observations were normal, and he was 
discharged from further treatment. Seventeen days later he returned complaining 
of severe frontal headaches but a complete relief from dizziness, the headaches, 
according to his statement, suddenly appearing two months after the first injection. 
Lumbar insufflation was again done, using the same technic; this time 75 cc. of 
spinal fluid was removed, and a similar quantity of air was injected. 

Following this second injection, he remained in the hospital about one week, and 
gained complete relief from headache. 

Six weeks following the second injection, the man was entirely free from 
headaches and was discharged to return to work. We have heard from him on 
several occasions; he has continued to work and says that he has occasional mild 
headaches. 


Case 2.—Headaches and dizziness of five weeks’ duration following trauma. 

Joseph M., a southern Italian laborer, aged 52, was struck on the head by a 
falling timber. He was somewhat dazed but not unconscious. He was under our 
observation and treatment from the time of injury. He suffered a laceration of 
the right parietal region; otherwise the examination immediately after injury 
showed no fracture. The Wassermann reaction of the blood was negative. 

A short time after the injury the patient developed muscular weakness in the 
left arm and left leg, with exaggerated reflexes in these extremities. He com- 
plained continually of frontal headaches from which he could obtain no relief. Six 
weeks after his injury, lumbar insufflation was done. 


Lumbar Insufflation—The spinal fluid was clear, with 4 cells per cubic mil- 
limeter ; the Wassermann reaction was negative. 

The patient was placed on his right side, and the lumbar puncture was done in 
this position. His head was elevated and rotated so that the frontal region was 
uppermost, and in this position 75 cc. of spinal fluid was removed in from 
5 to 10 cc. amounts, and replaced alternately by equal amounts of air which had 
been filtered through cotton. The patient had immediate severe generalized head- 
ache and vomited in a projectile manner. He was taken directly to the x-ray room 
where roentgenograms showed a good diffusion of air throughout the frontal 
region. He was then placed in bed, kept on his back with the head of the bed on 
low shock blocks, keeping the frontal region elevated. He complained of severe 
frontal headaches for four or five days. He was discharged to his home from 
the hospital about two weeks after the insufflation. A month after the insufflation, 
he began to develop evidence of neurosis, complaining of complete loss of hearing 
and sight and severe pain in the lower part of the back at the site of the lumbar 
puncture, 

Examination showed his hearing and vision to be almost normal; he recovered 
the strength and use of his limbs in a few months and never at any time showed 
any atrophy of these muscles. The patient was, according to his statement, unim- 
proved by lumbar insufflation. After careful examination, observation and con- 
sultation with a neurologist, he was discharged, but complained of dizziness and 
constant headaches at the time of his discharge. 


Case 3.—Left parietal headaches and dizziness two and a half months after 
trauma. 
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Tony R., married, an Italian laborer, aged 38, was struck on the head and back 
by some falling timbers. He was dazed, but retained consciousness. For two 
months he was under our care, being treated by rest in bed, bromides and frequent 
large doses of magnesium sulphate in the weeks immediately after injury. The 
headache was continual, aggravated by exercise, and usually localized in the 
parietal region. The systolic blood pressure remained at 110 mm. of mercury; 
the patient was drowsy and sluggish in reaction. Roentgenograms of the skull 
showed no fracture. The Wassermann reaction of the blood was negative. 

Lumbar Insufflation—The spinal fluid was clear, with 6 cells per cubic mil- 
limeter ; the Wassermann reaction was negative. 

Spinal puncture was done with the patient on his right side, the head slightly 
elevated and maintained so that the left parietal region was uppermost. Approxi- 
mately 77 cc. of spinal fluid was withdrawn in 5 cc. amounts, being alternately 
replaced by 5 cc. of filtered air. The patient complained immediately of severe 
generalized headache and a feeling of faintness. The pulse rate increased 10 beats 
per minute. Roentgenograms showed the characteristic cottony appearance of 
diffused air covering the anterior two thirds of the left cortical area. 

Headache was severe for three days, then gradually subsided to disappear 
entirely in a week. The patient remained in bed during this time on his right side 
and back. Dizziness remained a persistent feature but came at less frequent inter- 
vals, namely, about three times during a week. 

Three weeks after insufflation, he returned to work at his own request. This 
caused a return of headaches, mild in degree, which lasted several months. While 
not entirely relieved, he was so improved over his previous condition, we did not 
feel a second insufflation desirable or necessary. 

Case 4.—Frontal headache and dizziness of three and a half months’ duration. 

Charles S., married, a Norwegian carpenter, aged 51, was struck on the crown 


of the head by a hammer falling from above. The blow was glancing and caused 
ouly a minor wound of the scalp. He was not made unconscious, but seemed 
unusually upset so he was kept in the hospital about eight days. He spent seventeen 
days in bed, following which he was up and around. We first saw this patient 
one month after his injury when he complained of frontal headache, dizziness and 
marked fatigue. He grew introspective, developed multiple complaints, loss of 
smell, loss of vision and loss of taste. Examination, including a neurologic test 


of the special senses, resulted in consistently negative or normal observations. 
Roentgenograms of his skull did not show fracture. The Wassermann reaction of 
the blood was four plus at three examinations. He was given a course of anti- 
syphilitic treatment, but he continued to grow worse. In a final attempt to relieve 
the patient's disability and distress, we offered him lumbar insufflation. 

Lumbar Insuffation—The spinal fluid was clear and contained 117 mg. of 
sugar per hundred cubic centimeters; no cells were seen. The Wassermann and 
Noguchi reactions were negative. 

Lumbar puncture was done with the usual technic, 75 cc. of spinal fluid being 
removed in 5 cc. amounts, and alternately replaced with equal amounts of 
filtered air. The patient complained immediately of severe generalized headache. 
Roentgenograms taken immediately showed the ventricles well filled and air 
diffused through the arachnoid spaces. F 

He was kept in bed in the hospital for ten days. The headache changed in char- 
acter, becoming localized in the occipital region, but was equally distressing. He 
told us that the air continued to move around in his head, annoying him constantly, 
though no air could be demonstrated in the subarachnoid spaces by roentgenograms. 
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Depressed, anxious, introspective still, he went to bed again and remained there 
for two weeks. Dr. James C. Gill, neurologist, who saw him about two months 
after insufflation, found no objective neurologic symptoms and confirmed our 
diagnosis of “psychoneurosis.” 

He was finally discharged unimproved, and later obtained a cash settlement 
from ah insurance company. 

Insufflation, we feel, should not be considered a failure in this case. We frankly 
tried this procedure in the face of unfavorable signs, in order to learn what might 
be accomplished in relieving an obvious psychoneurotic individual. 

Case 5.—Post-traumatic occipital headaches of four weeks’ duration. 

Thomas B., married, a laborer, aged 39, four weeks before lumbar puncture 
was done, was injured when a brick fell about 29 feet and struck him on the head 
and shoulder. He was knocked unconscious for about five minutes. He was 
treated by a physician by rest in bed and sedatives. He came under our observa- 
tion about three weeks after his injury, complaining of continual occipital head- 
aches and “ringing’’ in both ears. Headaches occasionally radiated to the frontal 
region and seemed to be aggravated by any form of activity and made more severe 
particularly when he leaned over to tie his shoes or when he made a sudden turn 
in walking. 

The results of the physical examination were negative, except for a healed 
laceration over the upper central occipital region. Roentgenograms of the skull, 
including stereoscopic lateral films, showed no fracture. 

Lumbar Insufflation—The spinal fluid was clear, with a pressure of 32 mm. of 
mercury, and 2 cells per cubic millimeter; the Wassermann reaction was negative. 
negative. 

The man was placed on his side, the head being rotated as far as possible with 
the occipital region uppermost. The head of the table was elevated. Lumbar punc- 
ture was done, 70 cc. of clear spinal fluid being withdrawn in 5 cc. amounts and 
replaced alternately by equal amounts of air. The patient immediately complained 
of severe generalized headache; the pulse rate increased about 12 beats per minute; 
but there was no other reaction. Pneumograms taken immediately showed that there 
was a moderate amount of air spread over the anterior half of the cortical surface 
and a large bubble of air in the anterior horn of the uppermost ventricle. Films 
taken twenty-four hours later showed no change, except a slight decrease in the 
air in the ventricle; films taken after one hundred hours showed considerable 
decrease in the amount of air, but it was still clearly visible over the same distribu- 
tion. The man remained in the hospital for about one week. He suffered con- 
siderable headache for about twenty-four hours and then gradually began to 
improve; the headaches entirely disappeared in three days, and six days after the 
insufflation he was discharged. He said that he felt much better. He continued 
to improve and was discharged from treatment five and one half weeks after this 
injection with no headaches but with occasional transient short periods of dizziness. 
The physical and neurologic examination at that time was negative. 

This patient was much pleased with the result achieved and felt very grateful 
for the relief from his suffering. 

Case 6.—Left temporal headache seven months after head trauma. 

C. P., married, a carpenter, aged 41, was struck over the left side of his head 
and shoulder by a falling timber. He was unconscious immediately and for forty- 
six hours following. Treatment was given in a hospital where he remained in bed 
for one month. Following this he went home, gradually increasing his activities, 
but spent a large part of the time in bed. We first saw him about six and one half 
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months after his injury. He was unable to work and complained of left temporal 
headaches of irregular occurrence but usually worse at night. Dizziness was 
constantly present, and aggravated by sudden changes in position. Insomnia 
annoyed him nightly. 

Examination at that time revealed a low blood pressure, 113 systolic, 80 diastolic 
and a dull, sleepy and listless facial expression. We noted he staggered somewhat 
on rising from a prone position. Otherwise normal observations were recorded. 
KRueitgenograms of the skull were normal without evidence of increased intra- 
cranial pressure or fracture. 


Lumbar Insufflation—The spinal fluid was clear, with 3 cells per cubic mil- 
limeter ; the Wassermann reaction was negative. 

Lumbar puncture was done six and a half months after injury. The patient 
was placed on his right side with the head slightly rotated to bring the left temporal 
region uppermost. Seventy cubic centimeters of spinal fluid was withdrawn in 
5 cc. amounts, similar amounts of filtered air being alternately injected. The pain 
after insufflation in this instance was not so severe as usually noted. 

Roentgenograms taken immediately showed the air confined to the left subdural 
space in its anterior two thirds. Subsequent plates taken twenty-four and one 
hundred hours after the injection showed a gradual diminution of the air. 

The man remained in bed in the hospital about ten days. His headache rapidly 
disappeared in a few days. He was bothered by a fatigue and generalized weak- 
ness for about three weeks. The nervousness and insomnia disappeared entirely 
almost immediately. The look of drowsiness and listlessness entirely disappeared ; 
he felt much brighter, and told me he would gladly go through the treatment 
again, in spite of its attendant pain, to gain the great relief it gave him. 

About nine weeks after lumbar air insufflation, he asked to be returned to work 
and was discharged. He has had no recurrence to date, four months after 
treatment. 

Case 7.—Frontal headache and dizziness four months following ti auma. 

F. J., single, a carpenter, aged 32, was struck on the occipital region by several 
planks falling from above. He was made immediately unconscious for a few 
moments. Treatment was rendered in a hospital for one month, where the 
roentgenograms were normal and physical examination revealed only a small 
hematoma over the superior occipital region. We first saw this patient about five 
weeks after his injury. At that time he complained of a constant severe frontal 
headache, occasional occipital headaches and-dizziness. He seemed dull, drowsy 
and introspective. He could not work and was frankly worried about his condition. 
The tonsils were large, cryptic and appeared inflamed. Neurologic examination 
was objectively normal. The Wassermann reaction was negative. 

Lumbar Insufflation—The spinal fluid was clear, with a cell count of 6 per 
cubic millimeter; the Wassermann and Noguchi reactions were negative. 

By lumbar puncture, 75 cc. of spinal fluid was removed in 5 cc. amounts, being 
alternately replaced by similar amounts of filtered air. The patient was placed on 
the table on his right side with the head rotated to bring the frontal region upper- 
most. The reaction was severe; the pain immediately following and for twenty- 
four hours after puncture was intense, requiring repeated medication for relief. 
He remained in bed in the hospital for ten days and was discharged in a cheerful 
bright mood, entirely free from headache. He remained so for over three weeks; 
then the tonsils again became inflamed. He was quite sick for about a week with 
fever, generalized muscle pains and malaise. During this period, the headaches 
returned. Later, the headache largely disappeared. The patient regarded this 
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discomfort as slight compared to his experience prior to the puncture and did not 
consider a second puncture necessary. About six weeks after treatment, he was 
discharged to return to work. 


Case 8.—Dizziness and headache of six weeks’ duration following trauma. 

R. W., a robust negro laborer, married, aged 29, received an injury to his 
head when the pan of a concrete mixer fell, striking him. He was unconscious for 
thirty-five minutes. We saw him soon after the injury, and found him dull, sleepy 
and slow in reaction. The results of the physical examination were otherwise 
normal. Roentgenograms of the skull disclosed no fracture. He complained con- 
tinually of a constant headache, generalized and associated with dizziness. These 
symptoms remained unrelieved under treatment by rest in bed, dehydration with 
magnesium sulphate, and frequent large doses of bromides. 


Lumbar Insufflation.—The spinal fluid was clear with increased pressure, coming 
in a jet from the needle. The specimen was lost. 

With the usual technic described, 75 cc. of spinal fluid was removed in 5 cc. 
amounts, and replaced by similar amounts of filtered air. The head was rotated 
through the widest range possible to give a general distribution of air. Pneumo- 
grams could not be obtained. 

The reaction in pain was unusually severe. The patient complained bitterly of 
headache for forty-eight hours; then it suddenly disappeared. He remained in 
bed in the hospital one week, then returned home entirely relieved from symptoms. 
Two weeks after puncture, he was bright and cheerful, with the normal carefree 
manner of his race. He requested to return to work and was discharged to do so. 
There has been no recurrence of symptoms in two months. 


Case 9.—Left frontal headache of twenty-four days’ duration. 

C. H., married, white, an American laborer, aged 40, was injured by the explo- 
sion of an air hammer, when a piece of steel flew off and struck him on the left 
side of the forehead, knocking him unconscious a few moments. We saw the man 
immediately after injury and treated him. Examination revealed only a small 
irregular laceration on the scalp of the left side of the forehead. Roentgenograms 
of the skull were normal. The patient thought that the injury was so trivial that 
he refused to stay in the hospital even over night. Headaches, well localized in the 
left frontal region, continued to trouble and disable him. They grew steadily 


worse. The blood pressure prior to puncture was 110 mm. systolic and 70 
diastolic. 


Lumbar Insufflation—The spinal fluid was clear, with 8 cells per cubic mil- 
limeter ; the Wassermann reaction was negative. 

Lumbar puncture was done with the patient on his right side with the left 
frontal region uppermost. One hundred cubic centimeters of spinal fluid was 
withdrawn in 5 cc. amounts and replaced by similar amounts of filtered air. The 
spinal fluid pressure was 30 mm. of mercury. He had a severe immediate reaction, 
rapid pulse rate and an intense generalized headache. He complained of a great 
sense of weakness and faintness. Pneumograms taken immediately showed the air 
distributed over the entire frontal half of the subarachnoid space. There was a 
small amount in the anterior horn of the ventricle. By the time the patient returned 
to bed, the pulse rate was slower, the headache less severe, and he felt much 
stronger. 

The headache rapidly decreased, to disappear entirely after three days. The 
patient remained in bed five days, was then discharged from the hospital, the only 
complaint being some weakness in the muscles of his legs. At this time, the 
blood pressure was up to 120 systolic. 
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About three weeks after treatment he had no headache, no dizziness, and felt 
well in every way. He was much pleased with this improvement, and said that he 
regretted feeling so good because he knew he could get no money from the 
insurance company ! 

Case 10.—Frontal headache and dizziness of twenty days’ duration. 

Mark S., single, a Hungarian laborer, aged 45, was struck on the crown of the 
head by a small object falling from above. He was dazed, but not made uncon- 
scious. There was a small laceration of the scalp. Roentgenograms were negative. 
The headaches grew progressively worse, and in an effort to check this, lumbar 
insufflation was done about twenty days after his injury. 

The insufflation was done with the usual technic. We removed 60 cc. of spinal 
fluid, replacing this by an equal amount of filtered air in 5 cc. amounts. Following 


this, the headache seemed to change little, for even after one month he was disabled 
and continued to complain. 


In our opinion, this patient had insufflation too soon after the trauma, 
before conservative measures had been completely tried and before 
his condition had reached a stationary point of recovery. 


RESULTS 


Three of this group of ten cases must be considered failures. In 
case 2, there was definite evidence soon after injury of cortical damage 
in the right motor hemisphere. Muscular weakness was noted in the 
left arm and leg, with increased reflexes in these extremities. ‘The 
patient, an elderly Slavic laborer who spoke no English, was immediately 


and continually impressed by the severity of his injury and by fear 
fostered by his family. Later he developed a traumatic neurosis, com- 
plaining of loss of vision and hearing, both of which were shown to be 
normal by examination. In our experience with many injured working- 
men, the patient in case 2 is a type we never see recover subjectively 
from an injury to the head. 

It is possible as well that in such an injury the cerebral damage 
was severe enough to cause permanent mental change. We feel, in 
retrospect, that in this instance it is too much to expect entire relief 
from any single therapeutic procedure. 

In case 4, the second failure, the patient gained no relief from lumbar 
air insufflation. He presented features in common with the patient in 
case 2, namely, he was overwhelmingly impressed by his really trivial 
injury. He developed early signs of a neurosis, complained of com- 
plete loss of taste, smell and vision. Examination in consultation proved 
these complaints groundless. His vision was 20/20 with glasses; he 
named odors and taste of common dilute substances. He grew very 
introspective. This man’s Wassermann reaction of the blood was 
strongly positive on three separate examinations, though we found the 
Wassermann reaction of the spinal fluid negative, and no evidence of 
syphilis of the central nervous system could be demonstrated. He 
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was examined by Dr. James C. Gill, neurologist, who diagnosed ‘‘psycho- 
neurosis.” The patient’s symptoms were relieved by a cash settlement 
for his injury. 

SELECTION OF CASES FOR TREATMENT 


Considering the patients described as failures, and by comparing 
them with those who were successfully treated, we feel that this therapy 
should properly be confined to a selected group of sufferers from post- 
traumatic headache. Those patients who show definite cerebral damage 
we believe should not be so treated, or perhaps may be treated after 
all objective evidence of a cerebral pathologic process has disappeared. 
We further believe that little benefit, in fact, harm, may be done by this 
procedure in those patients who show a developing neurosis or psycho- 
neurosis. A study of this group of patients as compared with patients 
with similar injuries who were treated by more conservative methods 
suggests that insufflation should not be done until conservative treatment 
has been carried out for from a month to six weeks. Some of our 
patients who were relieved were treated by insufflation earlier with good 
results, but we shall, in the future, postpone insufflation until a thorough 
trial of more conservative methods has been completed. 

Our group of patients has been treated sooner after the injury than 
the group described by Penfield. We have similar results, but feel 
the treatment will be less often needed or necessary and more success- 
fully used late, rather than early, following the trauma. Case 10 well 
illustrates this fact. This patient was treated by insufflation about three 
weeks following injury in an attempt to relieve a headache of increasing 
severity. Some improvement was admitted, but the result has not to 
date been definitive. 

PATHOLOGY 


It seems likely, as Penfield suggested, that these head symptoms 
following trauma are caused by a common mechanism. Our concep- 
tion of this mechanism remains unclarified by any definite evidence 
furnished by pathologic or physiologic studies. 

The clinical evidence suggests to us that the cause lies in a dis- 
turbed circulation in the cerebrospinal fluid. Patients treated by 
repeated lumbar puncture immediately following head trauma are not 
so badly troubled by headache and dizziness later. Active early 
dehydration treatment by magnesium sulphate intravenously or by bowel 
is equally helpful in avoiding some late symptoms. It is our feeling 
that the cause of the headaches is more often increased intracranial 
pressure than local irritation. We have repeatedly observed little or no 
headache in those patients with decompression immediately by a fracture 
through the petrous portion of the temporal bone with release of spinal 
fluid and hemorrhage through the ear; in those with decompression by 
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multiple long linear fractures with spreading ; and in those with decom- 
pression by early operations. Patients with decompression by operation 
suffer less with late symptoms in our practice, and this has been reported 
by others previously (Scudder *). 

The symptoms are variable in degree. The headache is influenced 
by changes in the atmospheric pressure; it is aggravated by changes of 
the blood pressure within the cranium, and it is changed by sudden shifts 
in position of the head. All the influences effective suggest that its cause 
is a mobile and quickly changing element, namely, fluid. In no other 
medium, it seems to us, could the changes occur so rapidly. 

These factors suggest strongly to us that the explanation for this 
post-traumatic headache will be found in an alteration in the normal 
circulation of the cerebrospinal fluid. 


CONCLUSIONS 

In ten patients with post-traumatic headache and dizziness, we have 
carried out lumbar air insufflation as suggested and described by 
Penfield. Our results confirm his, namely, that we have in this pro- 
cedure a specific treatment for bona fide post-traumatic headache, if 
patients are properly selected. We have pointed out in our own failures 
some guides for this selection. We feel that we have in this treatment 
a great help in handling a large number of patients with cranial injuries, 
who have heretofore been most difficult to relieve and return to their 
normal occupation. 


I wish to acknowledge the great assistance in treating these patients given by 
my partner, Dr. H. C. Lyman. 


2. Scudder, C. L.: Treatment of Fractures, Philadelphia, W. B. Saunders 
Company, 1927. 





NOTES ON THE BARBERS’ HALL IN . LONDON 
J. PATERSON ROSS 


Long ago, when London Wall was new, a walled or tunnelled passage 
connected the postern at its northwest corner with an outlying watch- 
tower called Barbican, or Burhkenning, referred to by John Stow as 
“being placed on a high ground, and also built of some good height, was 
in old time as a watch-tower for the city, from whence a man might 
behold and view the whole city toward the south, and also into Kent, 
Sussex and Surrey and likewise every other way, east, north, or west.” 
The postern was known as Cripplegate, some think as a corruption of 
the word “crepulgeat,” Anglo-Saxon for a covered way; but believed 
by others to be so called because of cripples begging there. Some con- 
firmation of the latter theory is obtained from the account of how in 
the year 1010, for fear of the Danes, the body of King Edmund the 
Martyr was brought from Bury St. Edmunds “through the kingdom 
of the East Saxons, and so to London in at Cripplegate; a place so 
called of cripples begging there: at which gate, it was said, the body 
entering, miracles were wrought, as some of the lame to go upright, 
praising God.” 

Close to this same postern, in the thirteenth century, stood the 
Hermitage of St. James in the Wall. It belonged to the abbey and con- 
vent of Garadon, and housed, besides the hermit, two preaching friars, 
monks of the Cistercian Order. The hermitage obtained its supply of 
water from a well hard by, which came to be known as the monk’s well. 

In the course of time, the hermitage fell into disuse, and in 1381 
the first mention is made of a hall being built on this site. Although 
the hermitage had disappeared, it was commemorated in the neigh- 
boring street, called Monk’s Well Street, on the west side of which 
stood the Barber-Chirurgeons’ Hall. 

In 1634, another hall, designed by Inigo Jones, was built on the 
site of the first. It was surrounded by an old-world herb and physic 
garden, with sun dials and grape vines, which must have been a 
delightful place to walk in. This garden was useful as well as beautiful, 
for not only did it grow herbs ‘for the old barber-surgeons’ remedies, 
but it probably was responsible for keeping the flames at bay when 
almost all the other old city halls were burnt in the great fire of 1666. 

Traces of these ancient buildings are still found in this odd little 
corner of London. From Aldersgate Street one may walk along the 
street called Barbican and, turning into Bridgewater Square, come to 
the place where the watch tower once stood. The square is surrounded 
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by warehouses, but in the center is a little fenced courtyard with seats 
and a shelter, frequented by the work people of the neighborhood. 

Less than a quarter of a mile from the square stands the Church of 
St. Giles, Cripplegate, where John Milton, who once resided in Barbican, 
lies buried. Under the same roof are found the graves of John Foxe, 
the martyrologist, John Speed, the Elizabethan historian, and Sir Martin 
Frobisher, the sixteenth century explorer. In St. Giles’, Oliver Crom- 
well wedded Elizabeth Bourchier in 1620. 

In the adjoining churchyard is to be seen a stone bastion which 
strengthened the northwest angle of London Wall. Passing out of the 
churchyard into Hart Street, one may find a tablet marking the site of 
the Hermitage, and straight ahead is Monkwell Street. At first sight, 
it appears that nowhere in the world is buried treasure less likely to lie 
hidden; yet within a few yards, on the west side of the street, sur- 
rounded, covered over and well nigh concealed by warehouses, is a 
gateway marked “Barbers’ Hall.” Even after the hall has been found 
its importance may not be realized at once. Its exterior looks dull and 
humble, and it seems to be smothered by the ugly modern buildings 
which surround it on all sides. Yet here is, if not the cradle, at least 
the nursery of the craft of surgery in England (fig. 1). 

To those who are not acquainted with the history of the ancient city 
guilds this may seem a strange statement, and a brief explanation of 
the rather curious relationship existing between the barbers and the 
surgeons may not be out of place. 

In medieval times the clergy were the physicians; but, as time went 
by, they began to feel keenly the competition of Jewish physicians and 
lay surgeons. The Jews were thwarted by excommunication of their 
patients ; but the only method the church could devise for dealing with 
lay surgeons was to brand surgery as an inferior and derogatory calling 
and to forbid the priests undertaking any operation which involved the 
shedding of blood. However, the priests were not content to let the 
control of surgery slip away so easily, and it occurred to them that their 
servants the barbers, who were known to be dexterous with sharp 
instruments, might not only shave their heads, but also be taught the 
surgical art under their direction. These pupils of the priests became 
barber-surgeons. 

Quite distinct from the barber-surgeons, there existed a small guild 
or fellowship of surgeons, having sprung probably from a group of 
military surgeons trained in the Hundred Years’ War (1337-1444). 
These men came of a better class, and their attainments were of a much 
higher order than the barbers. But their numbers being small—it 
appears that in 1491 only eight and in 1513 twelve persons, who were 
not ecclesiastics, were practicing surgery in London—they did not have 
any authority in the city. Quackery and malpractice were rife, yet the 
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surgeons were powerless to combat these abuses. In 1421, they com- 
bined with the physicians and sent a petition to King Henry V, praying 
him to control medical. practice by ignorant men. The government did 
not give any,assistance, so the Conjoint College of Physicians and 
Surgeons applied to the city for help. 

In the meantime, however, the barbers practicing surgery became 
alarmed because they were included among the “ignorant men.” The 
barbers, by this time, were well established as one of the ancient city 











Fig. 1—Barber-Surgeon’s Hall, Monkwell Street, published Sept. 29, 1800, by 
John Manson, no. 6 Pall Mall. 


companies, and they were strong enough to overcome the complaints of 
the surgeons, and not only did they draw up a code of laws (1450) 
in which they insisted on their right to practice surgery, but also, in 
1462, a charter was granted by King Edward IV, ostensibly to the bar- 
bers, but actually in order to consolidate the position of the barber- 
surgeons. 

Although this feud between the surgeons and the barbers practicing 
surgery must have been fierce, in time it seems to have died out, pos- 











1640 ARCHIVES OF SURGERY 


sibly because the surgeons felt that the only solution of the problem 
would be some form of union or compromise with their powerful 
antagonists. Whatever the explanation may be, such a union was 
completed in 1540 by a charter of King Henry VIII, the Company of 
Barbers and Surgeons being incorporated. It must be understood that 
this union did not make the surgeons either barbers or barber-surgeons, 
but it enabled the surgeons to obtain official control over the practice 
of surgery by the barber-surgeons. By the rules of the company, 
surgeons were not allowed to practice shaving; the barber-surgeons 
were not allowed to do more than draw teeth, and, if any of the latter 
became surgeons, it was only after some years of attendance at lectures 
and demonstrations and obtaining the bishop’s license. 

The terms and provisions of these old rules and charters are well 
worth reading. They show the growth of the sense of responsibility 
which surgeons felt in undertaking the care of their patients, and are 
based on the highest ideals of the duty of a practitioner to his patient. 
But in spite of all the efforts of these worthy men, the medical pro- 
fession of these olden days must have been in a sad state of confusion, 
and it must have been extremely difficult for the common people to 
distinguish between impostors and honorable practitioners of medicine. 
That the chaotic condition remained for some centuries may be gath- 
ered from the account given by Walter Besant of the state of affairs 
in the time of George II. 


The London citizen of the lower class never called in a physician unless he was 
in immediate danger ; the herbalist physicked him, and the wise woman. Very often 
his own wife was an abyss of learning as to herbs and their properties, the bone- 
setter belonged to a distinct branch of the medical profession. There were 
apothecaries who prescribed as well as sold drugs. For instance, early in the 
century (18th), one Dalmahoy kept a shop on Ludgate Hill, where he sold, among 
other things, drugs, potions, electuaries, powders, sweetmeats, washes for the 
complexion, scented hair-oil pomades, dentifrices, love charms, Italian masks to 
sleep in, spermaceti salt, and scammony squills. And the doctor who wished to 
attract the confidence of citizens found a little stage management useful. He wore 
black, of course, with a huge wig; he carried a gold-headed cane, with a pomander 
box on the top; he kept his hands always in a muff, so that they might be soft, 
warm to the touch, and delicate; he hung his consulting room with looking-glasses, 
and he littered it with vials; he had on the mantleshelf a skull, and hanging to the 
wall a skeleton of a monkey; on his table stood a folio in Greek; and he preserved 
a Castilian gravity of countenance. Besides the physician, the apothecary, the 
herbalist, and the wise woman, there was a barber-surgeon. His pole was twined 
with colours three—white, red, and blue. But I know not how long imto the 
century the alliance of surgeon and barber continued. 


In 1745, the surgeons broke away from the barbers, formed the 
Surgeons’ Company and became influential. In 1796, they forfeited 
their charter, and failing to obtain an Act of Parliament to reconstitute 
the company, they were incorporated by a charter of George III in 
1800 as the Royal College of Surgeons of England. 
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The Royal College of Surgeons traces its descent from the early 
surgeons’ guild and not from the barber-surgeons. But there was a 
middle period, lasting 200 years, when the surgeons and barbers were 
intimately associated, sharing a common home, Barber-Chirurgeons’ 
Hall. 

The building of the present hall was commenced in 1634, but some 
work must have been going on in 1668, for Pepys wrote on August 29: 
“And at noon comes by appointment Harris to dine with me: and 
after dinner he and I to Chyrurgeon’s hall, where they are building it 





Fig. 2—The court room, erected by Inigo Jones in 1634. 


new, very fine.” The carved door-head at the entrance, with its curious 
armorials and grotesques in carved and painted oak, bears the date 1671. 

The hall must have been a goodly place in those days, and an illus- 
tration published as late as 1800 shows it a plain but dignified building 
with trees in the courtyard. At present, the exterior calls for little 
comment, but the interior of the court room is magnificent (figs. 2 and 
3). It is an example of the best work of Inigo Jones, whose portait by 
Vandyck hangs on the right of the doorway. It contains some fine 
furniture, and the plate of the company, the greater part of which has 
been in pawn from time to time in order to pay the royal levies, but 
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which has been almost entirely restored by rich benefactors. Among 
the pictures may be noticed the portrait of the Duchess of Richmond 
by Sir Peter Lely—her figure was adopted by the artist who designed 
the emblem of Britannia on the copper coinage of the country—and the 
portrait of Sir John Paterson by Sir Joshua Reynolds. Sir John was 
the clerk of the company at the time of the separation of the barbers 
from the surgeons. 

Their most treasured possession, however, which deserves detailed 
study, is the great picture by Holbein of Henry VIII presenting the 








Fig. 3—Barber-Surgeons’ Hall. The company admitting a new member. 


charter to the combined Company of Barbers and Surgeons (fig. 4). 
The description of the persons represented in the picture was obtained 
from the paper on “The Worshipful Company of Barbers of London”’ 
by Mr. Frank Weston, F.S.A. 

The picture is an oak panel, 10 feet long by 6 feet high, and is the 
largest of all Holbein’s works. To obtain a fine surface, the oak was 
overlaid with gold leaf before it was painted, so it has never been sub- 
jected to the process of restoration. It shows the Palace of the Bride- 
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well, hung with tapestry, and the King on his throne evidently enjoying, 
in a cynical way, the pomp and display of fine robes, and the homage 
of his kneeling subjects, yet not condescending to look on them as, with 
his left hand, he “reaches” the statute to Thomas Vicary, his sergeant 
surgeon, who was master of the company. Some barbarian of a later 
age printed their names in white lettering on thirteen of these kneeling 
figures; and it may be this piece of vandalism that caused the incom- 
parable Pepys to remark—“TI did think to give 200 / for it, it being said 
to be worth 1000 /; but it is so spoiled that I have no mind to it, and is 
not a pleasant though a good picture.” 








Fig. 4—Henry VIII presenting a charter to the Company of Barbers and 
Surgeons of London. From a painting by Holbein. 


The figure on the extreme left of the picture (on the King’s right 
hand) is Master J. Alsop, the King’s apothecary, and next to him is 
Dr. William Butts, court physician, immortalized by Shakespeare in 
the play of King Henry VIII. Shakespeare lived for nearly ten years 
with a French Huguenot refugee named Christopher Mountjoy at the 
end of Monkwell Street, and he must have come to the hall to see this 
picture and study the portrait of Dr. Butts. Next the King is Dr. John 
Chambre, distinguished in his time in many offices, but most worthy to 


be remembered as one of the original founders, with Linacre, of the 
Royal College of Physicians of London. 
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Thomas Vicary, to whom the King is handing the charter, was sur- 
geon to St. Bartholomew’s Hospital, and the author of the first surgical 
treatise in English—“The Englishmans Treasure with the true Anatomie 
of Mans Body,” published in 1548. He should be remembered not only 
as a surgeon, but as one who had the training of surgeons at heart ; and 
had surgical education been carried on as he proposed, the standing in 
society of English surgeons would have been much higher. He laid 
down that a surgeon “ought to be learned and that he know his prin- 
ciples, not onely in Chirurgerie, but also in Phisicke, that he may the 
better defend his Surgery; Also he ought to be seene in natural 
Philosophie, and in Grammar, that he speake congruitie in Logike, that 
teacheth him to prove his proportions with good reason. In Rethorike, 
that teacheth him to speake seemely and eloquently: also in Theorike, 
that teacheth him to know thinges naturall, and not naturall, and 
thinges agaynst Nature. Also he must know the Anatomie, for al 
Authors write agaynst those Surgions that worke in mans body not 
knowing the Anatomie, for they be likened to a blind man that cutteth 
in a vine tree, for he taketh more or lesse than he ought to doo.” 

Next to Vicary is Sir John Ayliff, a famous surgeon, and then 
Nicholas Simpson and Edmund Harman, King’s barbers: The latter 
was a most important personage, as may be inferred from his gold chain, 
and through court influence he acquired a great estate. Several of 
those seen in the picture were left legacies of 100 marks by Henry, 
but Harman was esteemed so highly that he was named one of the 
King’s executors, and received a legacy of 200 marks. 

The fifth figure is James Monforde, King’s surgeon, and next to 
him John Pen, King’s barber, whose wife, Mistress Lucy Pen, nursed 
the young King Edward VI until he died. Her ghost is said to walk 
the long gallery at Hampton Court on moonlight nights, and the sound 
of her spinet is then heard. 

Nicholas Alcocke and Richard Ferris, both surgeons, complete the 
list of prominent members of the united company shown in the picture. 

There is a committee room on the first floor which also contains many 
valuable and interesting pictures, and on the other side of the landing 
is a window which looks out on the site of the Anatomy Theatre, now 
replaced by warehouses. The teaching of anatomy was one of the most 
important functions of the Company of Barbers and Surgeons, and the 
demonstrations were carried out with great ceremonial. Among the 
lecturers was Dr. John Caius, founder of Caius College in Cambridge. 
He lived in Bartholomew’s Hospital, though he was not a member of the 
staff ; and, for the twenty years during which he held the appointment, 
he might have been seen on Tuesday afternoons walking out of the 


Little Britain Gate of the hospital, across the Close and through Jewin 
Street to the hall. 
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By Act of Parliament the barber-surgeons were entitled to take the 
bodies of four condemned persons yearly for anatomy, but there was 
often considerable difficulty in obtaining them. The beadles had to 
attend at Tyburn for dead bodies once a quarter, and many were the 
unseemingly fights there. Often when the beadles had secured their 
body and driven off in a coach they were attacked and beaten, and the 
body rescued by friends. The hangman also had to be “squared,” and 
the account books of the company show receipts for the hangman’s 
Christmas box. 

Tales innumerable might be culled from the old records, but these 
notes must come to an end. Let them conclude with a story which 
surely caps any exploits of the resurrectionists. In the year 1740, one 
of the malefactors hanged at Tyburn revived after being brought to 
the hall for dissection. It was supposed that the letting of blood helped 
to revive the corpse; the poor fellow cried several times, loudly, 
‘Don’t.” It was an awkward affair. Having been hanged once, he 
could not be hanged again, so he was nursed, and, after the administra- 
ion of warm wine and other restoratives, the surgeons and doctors 
present packed him off and paid his passage in a ship going to the East. 
William Duell, the convict, changed his name to William Devrall, and 
flourished as a Levant merchant. Out of gratitude, he sent the old 
screen of stamped and gilded Levant leather which may still be seen 
in use, to convince even the more incredulous of the truth of this story. 








TRANSFUSIONS IN ACUTE LOSS OF BLOOD * 
CLARENCE E. BIRD 


An active neurosurgical clinic in which tumors of the brain are 
removed daily provides an unusual opportunity to observe the effects 
of transfusion in patients urgently in need of blood. In the majority 
of these patients there is no complicating factor, i.e., no traumatic shock, 
sepsis, primary cardiac or vascular disease ; in other words, the body is, 
in most instances, essentially normal except for the presence of the 
tumor. 

Exploratory operations and the partial, subtotal or complete removal 
of several types of tumors are, as a rule, accompanied by little loss of 
blood. Examples are operations on the gliomas, pituitary adenomas 
and the usual cerebellar tumors. Cerebral explorations without the 
removal of tumor, decompressions, ganglionectomies and the removal 
of old clot in pachymeningitis hemorrhagica interna are not exsanguinat- 
ing operations. 

In sharp contrast to these relatively bloodless procedures lie the 
radical extirpations of meningiomas and hemangiomas, particularly the 
more extensive operations latterly carried out by electrosurgical methods." 
The essential factors for successful removal in all of these procedures 
are, first, the adequate control of hemorrhage, and second, the prompt 
replacement of any large amount (from 400 to 1,500 cc.) of blood lost. 
Angiomas are highly vascular by nature, and meningiomas acquire, as 
they invade or surround brain, bone or other anatomic structures, exten- 
sive vascular connections. Furthermore, in both, the peripheral blood 
supply is increased, so that the vessels of the surrounding tissues—scalp, 
thickened skull, dura, leptomeninges and vessels of willisian and galenian 
derivation—are often enormously increased in number and _ caliber. 
Operative removal is painstaking and tedious, the procedures, single 
stage or multistage, consuming from four to nine hours in all cases. 

Though loss of blood may occasionally be sudden and severe, with 
rapid increase in pulse rate, inability to palpate the radial pulse and drop 
of blood pressure to an undetectable level (as may occur when a vascular 
bone flap is broken back from a weeping dura or when a large vessel is 
opened and is secured only with difficulty), the loss is usually gradual. 


*From the Surgical Clinic of Dr. Harvey Cushing, the Peter Bent Brigham 
Hospital, Boston. 

*In this study, Miss Louise Melanson, R. N., for ten years associated with 
the Peter Bent Brigham Hospital and for over five years attached to Dr. Cushing’s 
Operating Room Force, has been of greatest assistance. 


1, Cushing, Harvey: Macewen Memorial Lecture on the Meningiomas Aris- 
ing from the Olfactory Groove and Their Removal by the Aid of Electro-Surgery, 
Lancet 1:1329 (June 25) 1927. 
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Chart 1, an anesthesia record, illustrates the usual level course of 
the record of the pulse and blood pressure during a comparatively blood- 
less craniotomy. 
REPORT OF CASES 

The case was that of a captain in the navy, aged 51, from whom a large 
(170 Gm.), left occipital, parasagittal meningioma was removed at a single opera- 
tion under procaine hydrochloride anesthesia. The blood pressure throughout this 
procedure remained between 120 systolic and 60 diastolic and 80 systolic and 40 
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Chart 1—Record kept during removal of meningioma. Adequate hemostasis. 
No significant change in pulse rate or blood pressure. A “level” chart. In this and 
the following charts, the line labeled P here indicates pulse rate; R, respiratory 
rate; S, systolic blood pressure; D, diastolic blood pressure. 


diastolic, and the pulse rate between 60 and 88. One liter of tap water was 
absorbed by rectum during the five hour operation. 


Chart 2 shows the effect of acute hemorrhage at the time of elevation 
of a bloody bone flap. 


A left suprasylvian meningioma was removed in a single stage under procaine 
hydrochloride and ether anesthesia from a woman, aged 40, whose record is shown. 
As the flap was elevated there was sharp hemorrhage with almost immediate 
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(1) rise in pulse rate, (2) loss of radial pulse, so that the count was necessarily 
made at the femoral artery, (3) drop in recordable blood pressure to “zero’’* and 
(4) disturbance in respiration (air-hunger with shallow, rapid respirations). The 
sharp hemorrhage was shortly controlled by the free use of large flat pieces of 
muscle (from an adjacent amputation of a breast), large cotton pads wet with 
warm physiologic sodium chloride solution, and silver clips and endothermy current 
to stop obvious bleeding points. There resulted a prompt recovery of blood pres- 
sure, pulse strength and pulse rate to a satisfactory level somewhat approaching 
that before elevation of the flap. Within an hour the pressure had again fallen off 


| «| 


-| 


=|” 


Chart 2.—Record of removal of meningioma. Sharp hemorrhage on elevation 
of bone flap. Spontaneous recovery of vascular efficiency. Secondary rise in pulse 
and fall in pressure to “zero” for three hours. Transfusion with recovery. 


to zero and remained so over a period of three hours. During this time the 
meningioma was removed; a small refusion of the patient’s own blood collected 
under sterile conditions by suction from the operative field was given; * and finally, 
a transfusion of 500 cc. of whole blood was carried out. 


2. The pressure, of course, does not reach zero. However, it becomes too 
low to be detectable with the clinical sphygmomanometer. Throughout the paper, 
references to “zero” pressure should be so interpreted. 

3. Davis, Loyal E., and Cushing, Harvey: Experiences with Blood Replace- 
ment During or After Major Intracranial Operations, Surg. Gynec. Obst. 40:310, 
1925. 
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It is astonishing that a patient could go for three hours without 
detectable blood pressure and emerge without evidence of damage to 
nervous tissue. The transfusion quickly brought the pulse rate down, 
increased the pulse strength (as indicated by the ability to count the 
pulse at the radial artery) and brought the blood pressure up to a read- 
able level. 


Charts 3 and 4 show the effect of long continued, gradual loss of 
blood. 
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Chart 3.—Record of removal of meningioma. Effect on pulse, respiration and 


blood pressure of long-continued, gradual loss of blood. Prompt improvement 
following transfusion. (See also chart 7). 







































































The first is an anesthesia record of a man, aged 45, from whom a bilateral 
meningioma of the olfactory groove was removed in a one-stage operation under 
procaine hydrochloride and ether anesthesia. Small amounts of blood were con- 
tinually lost over a period of three and one-half hours until the pulse rate began 
to rise from 10 to 15 beats a minute and the pressure, which began at 130 systolic 
and 60 diastolic, gradually assumed a level of 70 systolic and 40 diastolic. The 
pulse pressure had declined from 70 to 30. This condition prevailed for another 
hour, at which time the pulse rate continued to rise steadily and the pressure 


| 
| 


i 
‘ 

He 
F 
: 

















1650 





ARCHIVES OF SURGERY 





dropped to a barely perceptible 30 systolic and finally to zero. The pressure 
remained at a level too low to be recorded for thirty minutes during which 500 cc. 
of blood was given, producing a promptly favorable reaction, with a drop in pulse 
rate of from 190 to 120 and a rise in blood pressure of from zero to 60 systolic 
and 30 diastolic. 

Chart 4 is a similar record. During the first three hours of this difficult extir- 
pation of a meningioma under procaine hydrochloride anesthesia, in a woman, 
aged 32, the pulse rate gradually rose from 108 to 140. The blood pressure behaved 
in an unsteady manner due to repeated losses of considerable amounts of blood. 
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Chart 4.—Record of removal of meningioma. 
blood pressure of long continued loss of blood. 


Effect on pulse, respiration and 
Same effect as shown in chart 3. 


The spontaneous recoveries of vascular tone which are to be noted occurred 
during temporary hemostasis. The total loss of blood, however, resulted in a 
lowering of pressure from 130 systolic and 60 diastolic to 80 systolic and 60 
diastolic (a drop in pulse pressure of from 70 to 20) and in a steady rise in 
pulse rate. 

During the fourth hour, the pulse rate continued to rise, and as the tumor was 
rotated out of its bed and before the field could be made dry, the final loss of 
blood caused a further rise in pulse rate to 164, with weakening of the impulse 
(which could now be palpated only at the femoral artery) and a sharp drop in 
pressure to a level which could not be recorded. As frequently occurs during 
profound drops in blood pressure, the patient vomited. 
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After fifteen minutes of zero pressure readings a transfusion of 370 cc. was 
given, immediately restoring the blood pressure to a safe level (95 systolic and 
75 diastolic), lowering the pulse rate and strengthening its impulse. 


However, it should be noted that an improvement, though not so 
dramatic, many times occurs without transfusion or with the aid of a 
small transfusion as a “starter.” 


Chart 5 is the record of the second operation of a two-stage removal of a right 
parietal meningioma, under procaine hydrochloride anesthesia, from a woman 








Chart 5.—Record of effect of sharp hemorrhage as a vascular meningioma was 


rotated out of its bed, showing beginning spontaneous recovery of vascular tone 
before transfusion. 


aged 29. It will be noted that following the removal of a large mass of tumor 
there was persistent hemorrhage with a prompt rise in pulse rate to 160 and a drop 
of blood pressure, over a period of one-half hour, to zero. The pulse was then 
palpable only at the femoral artery and the pressure remained at zero for one 
hour and ten minutes. After the first forty minutes of this time, however, the 
pulse dropped 10 points in rate, definitely indicating a tendency to improvement. It 
was only after one hour and five minutes of pressure too low to be recorded that 
300 cc. of blood was given. This appears to have aided the recovery of circulatory 
efficiency, though the improvement might well have occurred spontaneously. 
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A second example illustrating the ability of the circulation to recover 
efficiency after bleeding, provided fluid is available, is to be seen in 
chart 6. 





An Italian woman, aged 46, had a left parietal meningioma arising from the 
falx. The surrounding scalp, calvarium and dura were excessively vascular, and 
the exposure was bloody. Sharp drops in blood pressure to a level too low to be 
recorded, with marked weakening of the pulse but without accompanying rise in 
pulse rate, occurred. The original drop in pressure followed acute hemorrhage at 
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Chart 6.—Record of repeated hemorrhages with sharp drops in pressure. Spon- 

taneous recoveries of vascular tone. Slow pulse, usually indicating reserve and 


ability to recover tone if fluid is available. Transfusion probably not necessary, 
though desirable. 
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the time the bone flap was elevated. Thereafter, for two hours and fifteen minutes, 
during which time the tumor was removed, there was an unstable circulation, with 
a constantly low pulse pressure and a total pressure dropping off to zero twice 
The patient was supplied with fluid by rectum throughout the procedure and 
was on the way toward recovery of pressure to a safe level, when a transfusion of 
300 cc. was given which evidently accelerated the improvement. Procaine hydro- 
chloride and ether.anesthesia was used. 
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On the other hand, a large transfusion may be necessary to insure 
recovery if the blood volume has been greatly decreased either from 
sudden or gradual loss of a large amount of blood. 


Chart 7 is the anesthesia record of a two-stage removal of a right frontal 
meningioma weighing 75 Gm. from a Russian Jewish housewife, aged 47. At each 
session there was a gradual rise in pulse rate (from 90 to 165 at the first operation 
and from 90 to 138 at the second), with weakening of the impulse and a drop in 
blood pressure from 115 systolic and 60 diastolic to zero on the first occasion, and 
from 120 systolic and 75 diastolic to zero at the second. The marked weakening 











Chart 7.—Record of two-stage extirpation of meningioma. Gradual loss of 
blood with rise in pulse and dropping off of pressure at each operation. Prompt 
recovery of vascular efficiency after transfusions. 


of the pulse and high pulse rate probably, though not certainly, indicated a degree 
of circulatory failure from which spontaneous recovery would not occur. A 
transfusion of 600 cc. of blood at the first operation and of 500 cc. at the second 
quickly restored the pulse rate and blood pressure to approximately normal levels. 
For the first operation, procaine hydrochloride and rectal ether anesthesia were 
used, and for the second operation procaine hydrochloride. 


When the pulse rate does not rise with a fall in blood pressure there 
is usually a prompt return of pressure after the bleeding has stopped. 
In these circumstances, the loss in blood volume may be just sufficient to 
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cause a drop in pressure without, however, stimulaing the heart to an 
increased rate for the purpose of increasing its minute output.* The 
heart, in other words, is probably strong enough to compensate for the 
loss of blood by increasing its output per beat and does not call on 
the added mechanism of acceleration. In chart 6, for example, the pulse 
rate is surprisingly low considering the large amounts of blood lost. The 
recoveries of vascular tone without the aid of transfusion are prompt, 
probably due both to an efficient heart and to readily available rectal or 
subcutaneous fluid. Persons vary, however, in their circulatory reac- 
tions, and the failure of rise in pulse rate may give to the operator a 
false sense of security. 

The effect of repeated small transfusions in sustaining the blood 
pressure during a long operation is seen in chart 8. 


From a woman, aged 27, a deepseated meningioma of the falx was partially 
removed in two stages. The chart is the anesthesia record from the second opera- 
tion, which was performed under procaine hydrochloride. As will be noted, four 
small transfusions, totaling 630 cc., were given over a period of seven hours’ 
operating. The first blood was provided during a spontaneous improvement. The 
other transfusions each had a definite effect, raising the blood pressure to a 
satisfactory level. However, each transfusion had less effect than the one preced- 
ing, and in the end the patient, after a long, desperate procedure, left the operating 
room with no recordable pressure and eventually died on the tenth postoperative 
day with subacute meningitis (Streptococcus hemolyticus). 


COMMENT 


During operations for intracranial tumor patients have been observed 
who, though their blood pressure remained too low to be recorded for 
from thirty minutes to three hours, recovered after spontaneously 
“picking up” or following transfusion, without detectable injury to 
nervous tissue or other permanent ill effect. 

It is undoubtedly true, however, that during this time these patients 
are well within a danger zone in which increase in blood volume is 
desirable. During depletion of the blood volume, the compensatory 
mechanisms for maintaining efficient circulation have operated, i.e., (1) 
peripheral vasoconstriction, (2) transfer of fluid from tissues to blood 
stream, partially making up blood volume, (3) increased stroke output 
of the heart, (4) increased heart rate and (5) (as has been shown by 
Barcroft ° and though probably unimportant in this connection) transfer 
of red blood corpuscles from the spleen to the circulating blood stream. 
Eventually, however, a point is reached at which the minute cardiac 
output is decreased below a safe level.* A sustained increase in blood 


4. Blalock, Alfred: Mechanism and Treatment of Experimental Shock: I. 
Shock Following Hemorrhage, Arch. Surg. 15:762 (Nov.) 1927. 

5. Barcroft, J.; Harris, H. A.; Orahovats, D., and Weiss, R.: A Contribu- 
tion to the Physiology of the Spleen, J. Physiol. 60:443, 1925. 
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volume will increase the minute cardiac output, for if the strength of 
the myocardium is unimpaired, the heart needs only an adequate supply 
of fluid to allow it to pump efficiently. 

This fluid may be added to the blood stream in the form of physiologic 
sodium chloride solution or Ringer’s fluid, gum acacia solution, refusion 
of the patient’s own blood (collected by a sucker at operation) ,* or best, 
whole blood transfused from a suitable donor. While the provision of 
an adequate supply of fluid by rectal infusion or hypodermoclysis during 
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Chart 8.—Record of removal of meningioma. 


Repeated transfusions, each less 
effective than the one preceding. 


(See also chart 9). 


a long bloody operation is highly desirable or even necessary, it is well 
recognized that saline solution or Ringer’s solution given intravenously 
has only a transitory effect in raising blood pressure. Gum acacia of a 
suitable osmotic pressure to sustain blood pressure contains more cal- 
cium than is desirable for injection,® and Drinker * has recently shown 


6. McLeod, J. J. R.: Physiology and Biochemistry in Modern Medicine, ed. 4, 
St. Louis, C. V. Mosby Company, 1922, p. 142. 


7. Drinker, Cecil K.: Personal communication to the authors. 
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that acacia solutions made up according to the directions of Bayliss do 
not possess either the chemical or the physicochemical appropriateness 
ascribed to them by that author. 

Also, epinephrine and ephedrine have uncertain actions when there 
is acute loss of blood,* though the use of ephedrine as a temporary 
expedient is justified and is not accompanied by the rapid depression of 
the circulation which occasionally ensues secondarily after the injection 
of epinephrine. 

On the other hand, the patient’s own collected blood and whole 
blood from a suitable donor have the requisite osmotic pressure and 
viscosity to maintain blood volume, therefore sustaining the minute 
cardiac output (the requisite of circulatory well-being), indicated 
clinically by a rise in blood pressure to a recordable level and by the 
slowing and the strengthening of the pulse. 

Replacement of the patient’s own blood has been found on rare occa- 
sions to produce a sharp and alarming fall in pressure instead of the 
expected rise. Even though this fall is transient and is followed by 
marked improvement, the possibility of failure in an emergency has led 
to the use of whole blood transfused directly. This is done by any one 
of several well-known methods—Kimpton tubes, Lindeman syringes, 
Head pump, etc. 

During 1927, 297 major neurologic operations were performed at 
the Peter Bent Brigham Hospital, by far the greatest number for 
tumors of the brain. Fifty-two transfusions were carried out in the 
hospital, and of these twenty-four were given to twenty neurologic 
patients, there being four repeated transfusions at second-stage opera- 
tions. Fifteen of the twenty patients had meningiomas and of the 
other five, one had a metastatic carcinoma to the falx (probably from 
the lung), one a basal fracture (a child with subdural hemorrhage), 
one a cerebellar ependymoblastoma, one a cerebral spongioblastoma 
multiforme and one a cerebral tuberculoma with tuberculosis of the 
suprarenal glands. 

For patients in whom the possibility of a “wet” operation is fore- 
seen, blood from a donor, relative or professional, is grouped and 
cross-matched the evening before operation, and the donor is present in 
or near the operating room throughout the procedure. Blood can then 
be given within twenty minutes. If a particularly bloody bone flap is 
turned back, a traiistusion may be begun immediately, the donor and 
recipient already having been prepared. In all cases the recipient’s 
cephalic or internal saphenous vein has been directly isolated through 
an incision, for possibility of failure to give blood cannot be countenanced 
in these critical cases. Transfusions, of course, are never given before 
the falling off of pressure because of the resulting increase in bleeding 
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and the possible embarrassment of the heart from abnormally increasing 
the blood volume. 

Reactions to transfusion have been essentially absent in spite of the 
fact that the patients have received from 250 to 1,500 cc. of blood during 
a procedure and in several instances have been given blood from two or 
even three donors. One patient had a mild twenty minute chill on the 
table thirty-five minutes after a transfusion of 300 cc. (chart 6). There 
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Chart 9.—Record of removal of meningioma. Repeated transfusions, each less 
effective than the one preceding. (See also chart 8). 


was no fall in blood pressure with this disturbance, though the pulse 
rate rose from 120 to 140. 

It has been a constant experience that whereas an initial fall in 
pressure to zero is promptly recovered from by blood replacement, the 
second, third and subsequent falls in pressure are not so well borne and 
are less and less responsive to transfusion. This is well shown in 
chart 8 and in the anesthesia record of a woman, aged 44, from whom 
a cerebellar meningioma was removed (chart 9). 
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After continued loss of blood, this patient showed the usual signs of circulatory 
failure with a rise in pulse rate of from 80 to 140 and a lowering of blood pressure 
to a barely perceptible 45. Transfusion of 250 cc. of blood promptly lowered the 
pulse rate to 90 and raised the pressure to 78 systolic and 60 diastolic, a level 
45 mm. lower than before the primary drop. Continued bleeding brought restless- 
ness and another rise in pulse rate to 120 and a fall in blood pressure to zero. A 
second 250 cc. of blood restored the pulse to 105 and the pressure to 70 systolic 
and 55 diastolic, a still lower level. However, in spite of the fact that there was 
no more bleeding, the effect of the second transfusion was only transitory, and 
another 100 cc. was necessary to restore the circulation to a safe level. This was 
accomplished, as indicated by the operative and postoperative notes, although a 
graphic record cannot be given as the chart on which the entries were made has 
unfortunately been destroyed. 


In such a case the mechanisms for sustaining a competent circulation 
(other than maintenance of proper blood volume) are probably progres- 
sively exhausted, i.e., peripheral vasoconstriction is lessened, and the 
cardiac musculature becomes weakened. This presumably explains the 
failure of the circulation to regain its tone completely for from two to 
ten days or more in some cases following a protracted procedure. 

Transfusions are rarely needed in neurologic operations on children. 
Their intracranial lesions cause little bleeding, as a rule. This is most 
fortunate, for the younger patients usually have a rapid pulse rate 
and a low blood pressure from the beginning of the procedures and 
would quickly require blood replacement if any considerable bleeding 
occurred. Transfusion is also inconvenient in the cerebellar position, 
in which most of these small patients must be placed. 














THE EFFECT OF SURGICAL SOLUTION OF CHLORIN- 
ATED SODA (DAKIN’S SOLUTION) IN THE 
PERICARDIAL CAVITY * 


CLAUDE 5S. BECK 


Within recent years surgical solution of chlorinated soda (Dakin’s 
solution) has been used to irrigate the pericardial cavity in the treat- 
ment of purulent pericarditis. There has been no agreement of opinion 
concerning its effect in these cases. It is my purpose in this report to 
show experimentally the effect of surgical solution of chlorinated soda 
in the pericardial cavity. This solution has won for itself a place of 
great value in the treatment of certain forms of infection, but its indis- 
criminate use is not devoid of danger. In the abdomen it produces an 
inflammatory reaction,’ and when brought into contact with normal 
intestine, it produces perforation of the wall. The cases of pericarditis 
in which surgical solution of chlorinated soda was used are reviewed to 
determine if possible the effect that the solution might have had. 

In the case reported by Pool? “two Carrel tubes . . . were 
inserted (into the pericardium) about five inches. Dakin’s solution 
was introduced very slowly by gravity; 10 cc. every hour through each 
tube. The wound was dressed daily . . . tubes being removed 
and fresh tubes reinserted.” By the fifth day after operation the dis- 
charge was “thin and mucoid, not purulent. Only one Carrel tube 
introduced.” On the tenth day there was a “moderate discharge from 
the pericardium.” The abdomen became distended and edema of the 
face, scrotum, legs and abdomen developed. On the fourteenth day the 
pulse was “of good quality. Not dyspnoeic. Oedema of face and legs 
less.” By the twenty-fourth day “the oedema was practically gone. 
Small irrigation catheter passes inward four inches. Cavity held only 
about 2 cc. Marked pulsation of whole precordial region. It was 
believed that the oedema was due to myocarditis.” The pericardial 
cavity continued to drain small amounts for about another month. 
There was “no retraction of the chest wall with systole. . . . No 
murmur heard.” The electrocardiogram showed “right ventricular pre- 


* From the Laboratory of Surgical Research, the Western Reserve University 
School of Medicine and the Lakeside Hospital, Cleveland. 
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dominance . . . probably due to the mechanical difficulty which 
this ventricle meets in contracting ; possibly as the result of adhesions.” 
When seen eight months after the operation, “the boy was apparently 
in normal health and was able to exercise as before the operation with- 
out embarrassment.” “In another case,” quoting Pool, “I should begin 
the Carrel-Dakin method at once. It was here undertaken with some 
trepidation because it had apparently never been employed in the peri- 
cardium and I was uncertain as to its effects. Yet its indications seemed 
to demand it. On the basis of a former experience and the study of 
case reports, it was felt that thick pus with fibrin was likely to wall off 
the cavity into chambers, resulting in retained excretions and imper- 
fect drainage, especially of the left recess. It was believed that the 
solvent effect of Dakin’s solution would obviate this risk and would 
soon render the excretions thin and less in volume, besides gradually 
sterilizing the cavity. Practice confirmed the theory. Improvement 
was striking and sustained. The solution apparently exerted no noxious 
influence upon the pericardium and may, I think, be employed with 
confidence and advantage in subsequent cases.” 

In a discussion of Pool’s paper, Jopson * reported a case of purulent 
pericarditis in which he used the Carrel-Dakin treatment. “The Dakin 
solution was badly borne in the pericardium and caused cardiac embar- 
rassment, the fluid apparently being too thick and gelatinous after 
mixing with the pus and it had to be given up.” Bransfield * introduced 
1 ounce of Dakin’s oil daily into the pericardial sac in his case, and after 
the drainage ceased, there seemed to be “no cardiac involvement.” 
Auchincloss ® referred to a case in which irrigations with surgical 
solution of chlorinated soda were carried out and “at autopsy adhesions 
(between the heart and pericardium) were found but there was no 
accumulation of pus in the pericardial sac.” 

In the case reported by Wood and Bradley,° irrigation of the peri- 
cardial cavity with surgical solution of chlorinated soda was begun on 
the third day after the operation. It was stated that “the general con- 
dition remained unchanged. The discharge (next day) was still scant. 
The sac was again irrigated with Dakin’s solution. There was on the 
following day a thin purulent discharge, the tube was reintroduced and 
Dakin’s irrigations repeated.” In a few days the wound was healed. 


3. Jopson, J. H., in discussion on Pool: Tr. Philadelphia Acad. Surg. 22: 
166, 1922. 


4. Bransfield, J. W.: Pericardiostomy for Suppurative Pericarditis, Ann. 
Surg. 79:293, 1924. 

5. Auchincloss, Hugh, in discussion on Peterson: Supperative Pericarditis, 
Arch. Surg. 16:377 (Jan.) 1928. 

6. Wood, Alfred C., and Bradley, W. N.: Purulent Pericarditis in Childhood, 
Atlantic M. J. 28:436, 1925. 
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Three weeks after operation “the pulse was 100, full, regular. Heart 
sounds normal in quality and intensity.” 

Stone’ operated on a patient in whom “the pericardium was irri- 
gated daily, first with normal physiologic sodium chloride, then after 
a few days with half strength and finally with full strength surgical 
solution of chlorinated soda. . . . The daily irrigations came away 
practically clear. . . . In a letter several weeks afterwards, the 
patient reported himself practically well.”” In one of the cases reported 
by Williamson,* irrigation of the pericardial cavity with surgical solu- 
tion of chlorinated soda was carried out. The patient recovered with 
“no evidence of faulty action of the heart.” 

Klose and Strauss® expressed the belief that if the pericardium 
is irrigated at all, only a physiologic solution of sodium chloride should 
be used. Peterson,?® in a report of three cases of suppurative peri- 
carditis in none of which surgical solution of chlorinated soda was used, 
stated that, “there should not be any fixed rules about irrigation of 
the pericardium or about the placing of drainage material in the sac.” 
In a discussion of these cases, Whittemore *' stated that he did not “see 
any reason why the solution (Dakin’s) should not be used.” Roberts ** 
likewise sees no good reason to suppose that irrigations with a mild 
antiseptic cause any cardiac disturbance. 

It seems from the foregoing statements that the effect of surgical 
solution of chlorinated soda has not been sufficiently striking to justify 
a coficlusion concerning its value in the treatment of purulent peri- 
carditis. 

EXPERIMENTS 


The following experiments were carried out on dogs to show the 
effect of surgical solution of chlorinated soda in the pericardium. In 
each experiment the dog was given a dose of morphine and then was 
anesthetized with ether through an intratracheal catheter inserted 
through the larynx. Mechanical respiration was carried on by means of 
the Erlanger apparatus. After the operative field was carefully pre- 
pared, about 5 cm. of the fifth rib on the left was resected sub- 


7. Stone, Harvey B., Case Report in Winslow and Shipley: Pericardiotomy 
for Pyopericardium, Arch. Surg. 15:323 (Sept.) 1927. 

8. Williamson, Ernest G.: Purulent Pericarditis in Childhood, Ann. Surg. 
85:659, 1927. 

9. Klose, Heinrich, and Strauss, Hans: Beitrag fiir Chirurgie des Herzens 
und des Herzebeutels, Arch. f. klin. Chir. 119:467, 1922. 

10. Peterson, Edward W.: Suppurative Pericarditis, Arch. Surg. 16:366 
(Jan.) 1928. 

11. Whittemore, Wyman, in discussion on Peterson: Arch. Surg. 16:371 
(Jan.) 1928. 


12. Roberts, J. B.: The Surgical Treatment of Suppurative Pericarditis, Am. 
J. M. Sc. 114:642, 1897. 
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periosteally. Before completing the operation, the air was expelled 
from the chest, and the pleural space was completely closed. Morphine 
was administered to the dog after the operation. For the specimen, 
the dog was killed by chloroform narcosis. The surgical solution of 
chlorinated soda was full strength, and carefully titrated according to 
the standard procedure by the hospital pharmacist. 

Series 1.—Effect of continuous irrigation of the pericardial cavity 
with surgical solution of chlorinated soda. 


EXPERIMENT 1 (dog 25): The dog weighed 17 Kg. The pericardium was 
sutured to the thoracic wall, leaving an opening into the pericardium about 2 cm. 
in diameter. The pleural space was completely closed. A small catheter was intro- 
duced into the pericardium about 4 inches (10.16 cm.) and sutured in place to the 
wound. The end of the catheter was connected to an irrigating bottle, and after the 
dog came out of the anesthetic surgical solution of chlorinated soda was allowed to 
flow slowly into the pericardium. Immediately on starting the irrigation, the dog 
aroused from his sleep and appeared to be in acute pain. One-half grain 
(0.0325 Gm.) of morphine was given but this did not stop the pain. Bloody froth 
trickled from the pericardium. An hour later, one-half grain of morphine was 
given again, but because of the acute pain the experiment was terminated by 
chloroform narcosis. About 300 cc. of the solution had been used, and as it 
returned from the pericardium, it had the appearance of blood. The pericardial 
cavity at necropsy contained clotted blood. The surface of the pericardium was 
studded with bleeding points representing eroded blood vessels. 


Repetition of this experiment gave a similar result. 


Comment.—The pain produced by surgical solution of chlorinated 
soda in the normal pericardium of the dog was severe. Hemorrhage 
was produced by erosion of the small vessels. The absence of pain and 
hemorrhage in the human cases of purulent pericarditis already referred 
to was probably due to a layer of fibrin, which in those cases acted as a 
protective membrane to the surface of the pericardium. 

SERIES 2.—Effect of a small quantity of surgical solution of chlorin- 
ated soda injected into the pericardial cavity. 





EXPERIMENT 2 (dog 5): This animal weighed 17.5 Kg. The pericardium was 
exposed, and 40 cc. of surgical solution of chlorinated soda at a temperature of 
38 C. was injected into it through a smail aspirating needle. The heart immediately 
increased its rate. The following day the dog appeared to be very sick with a 
temperature of 39.8 C.; pulsus paradoxus was present. The cardiopericardial 
roentgenogram increased 1 cm. in its transverse diameter following operation. The 
dog died thirty-six hours after the surgical solution of chlorinated soda was 
injected into the pericardium. At necropsy, 300 cc. of blood-tinged fluid was found 
in each pleural cavity. The pericardium contained 110 cc. of dark hemorrhagic 
fluid. The pericardium was edematous, hemorrhagic, and in several small areas 
it was eroded and almost perforated. There were no adhesions between the heart 
and pericardium, but a shaggy pericarditis was beginning to form (fig. 1). The 
fat over the mediastinal surface of the pericardium was edematous and the edema 
extended along each vena cava. The abdomen contained 250 cc. of clear fluid. 
The liver was congested. Between the lobes of the liver was a layer of fibrin 
several millimeters in thickness. 
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EXPERIMENT 3 (dog 8): The animal weighed 10.4 Kg. The pericardium was 
exposed, and 40 cc. of surgical solution of chlorinated soda at a temperature of 
38 C. was injected into it through a small aspirating needle. After 20 cc. was 
injected, the pulse rate increased from 60 to 208 per minute. The fluid in the 
pericardial cavity became a bloody foam. A roentgenogram of the heart and 
pericardium taken before the operation measured 7.6 cm. in the transverse 
diameter. The following day the respirations were somewhat labored and the 
pulse rate was 140 per minute. The cardiac sounds could not be heard. One week 
after the operation, the dog seemed to be in good condition. The cardiac sounds 
were faintly heard; the pulse rate was 132 per minute, and a roentgenogram of 
the heart and pericardium measured 8 cm. in its transverse diameter. Thirteen 
days after the operation, the dog was in good condition. The first cardiac sound 
was a little roughened but no definite murmur was heard. The dog was killed. 
There was no free fluid in the chest or abdomen, no edema of the tissues. The 
pericardium was everywhere adherent to the heart. In places these adhesions were 
fibrous ; elsewhere they could easily be separated by the finger (fig. 1). The peri- 
cardium contained about 10 cc. of clear fluid. 


EXPERIMENT 4 (dog 2): The animal weighed 17.6 Kg. July 9, 1928: <A 
roentgenogram of the heart and pericardium taken before the anesthetic was started 
measured 8.4 cm. in the transverse diameter. The pericardium was exposed, and 
through a small aspirating needle 15 cc. of surgical solution of chlorinated soda 
was introduced. The pulse rate increased immediately from 164 to 268 per minute. 
Through the aspirating needle, 20 cc. more of the solution was injected. The 
fluid in the pericardial cavity became blood-tinged. A roentgenogram of the heart 
and pericardium taken after the operation was completed measured 9.3 cm. in the 
transverse diameter, and one taken the following day measured 9.6 cm. 

July 11: The general condition seemed to be good; the pulse rate was 152 per 
minute; cardiac sounds were not audible. 

July 13: The pulse rate was 144 per minute; cardiac sounds were heard faintly ; 
there was no evidence of fluid in the chest or abdomen; the transverse diameter of 
the heart and pericardium was 9.8 cm. 

July 20: The pulse rate was 140 per minute; a systolic murmur was heard over 
the left side of the chest; slight edema of the scrotum was noted. 

July 26: The dog weighed 22.2 Kg.; fluid was present in the abdomen and 
chest; the transverse diameter of the heart was 9.8 cm. 

July 31: The dog weighed 24.8 Kg. The abdomen was markedly distended 
and the edema was generalized; the respiratory rate was 36 per minute; pulsus 
paradoxus was present. 

August 6: The dog died. The soft tissues of the entire body were markedly 
edematous. The abdomen contained 4 liters of blood-stained fluid and each pleural 
space contained 1 liter. The pericardium contained 300 cc. of dark, blood-stained 
fluid. The pericardium was thickened and was not adherent to the heart. Around 
the base of the heart were some wartlike excrescences from which bleeding 
occurred. The surface of the pericardium was roughened (fig. 1). The lungs 
and liver were congested. The heart itself was smaller than normal because of 
the pericardial tamponade. 

EXPERIMENT 5 (dog 124): The dog weighed 14.2 Kg. June 4, 1928: An 
opening 1 cm. long was made in the pericardium, and surgical solution of chlorin- 
ated soda at a temperature of 38 C. was dripped on the heart. The pericardial 
fluid became turbid and flakes of fibrin precipitated. The pulse rate did not 
increase. After a few minutes the fluid became bloody and active bleeding from 
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the pericardium occurred. In all about 60 cc. of the solution was used and about 
80 cc. of the blood-stained mixture was removed. The opening in the pericardium 
was sutured. Four hours after the operation was completed, the cardiopericardial 
roentgenogram increased 6 mm. in the transverse diameter. This increase in size 
was undoubtedly due to hemopericardium. During the first two days after opera- 


























Fig. 1 (experiments 2 to 5).—Showing the effect of small quantities of surgical 
solution of chlorinated soda injected into the pericardial cavity. 


tion the cardiopericardial shadow increased slightly in size and then gradually 
returned to its preoperative size. The cardiac sounds were not audible. 

June 9: The dog was in good condition; it was killed. There were no signs of 
circulatory failure. The organs, except the heart and pericardium, appeared to be 
grossly normal. The surface of the pericardium showed areas of ecchymosis. 
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Generalized fibrinous adhesions between the heart and pericardium were present 
together with small clots of blood and in places a gelatinous exudate (fig. 1). 

EXPERIMENT 6 (dog 103): The dog weighed 16.6 Kg. May 10, 1928: An 
opening about 4 mm. long was made in the pericardium and a soft rubber catheter 
was inserted into the pericardial cavity. Small quantities of surgical solution of 
chlorinated soda were introduced through this catheter into the pericardial cavity. 
Almost immediately the fluid became bloody and the pulse rate increased. Over a 
period of seven minutes, 30 cc. of the solution was used. The pericardial cavity 
was then irrigated with physiologic solution of sodium chloride which when drawn 
off looked like pure blood. Active bleeding was taking place, and after the peri- 
cardium was closed, it was feared that cardiac tamponade would develop. 

During the succeeding days the dog was in good condition. The size of the 
cardiopericardial roentgenogram did not change perceptibly. There were no 
cardiac murmurs and there was no edema. The dog was killed on July 24, 1928. 
A generalized adhesive pericarditis was present. The pericardial space was 
obliterated (fig. 2). There was no fluid in the pericardium. 

EXPERIMENT 7 (dog 93): The dog weighed 17.3 Kg. May 17, 1928: An 
opening 5 mm. long was made in the pericardium and a soft rubber catheter was 
inserted into the pericardial cavity. A few cubic centimeters of surgical solution 
of chlorinated soda was introduced through the catheter. The pulse rate increased 
from 140 to 180 per minute. The fluid was then aspirated from the pericardium 
and about 10 cc. more of the solution was introduced. Five minutes later, when 
the fluid was aspirated, it was grossly bloody. In all about 30 cc. of the solution 
was introduced into the pericardium and about 50 cc. of the solution mixed with 
blood was withdrawn. The opening in the pericardium was sutured. 

There were no significant observations until May 31, when a systolic murmur 
was heard over the right side of the chest. A few days later a pleural effusion 
and ascites were noticed with swelling of the scrotum and the paws of the hind 
legs. There was no edema of the forepaws. A roentgenogram showed an increase 
in the size of the cardiopericardial shadow and an adhesion extending to the right 
thoracic wall. 

July 5: The dog was killed. There was 500 cc. of straw-colored fluid in the 
thorax, and the abdomen contained several liters of similar fluid. The subcutaneous 
tissue over the chest, abdomen and hind legs was edematous, but over the neck and 
forelegs there was no edema. An extensive adhesion between the pericardium, 
the right lung and the right thoracic wall was found which probably obstructed 
the inferior vena cava. The pericardium was extensively adherent to the heart 
and the pericardial cavity was obliterated (fig. 2). A layer of gelatinous exudate 
was present over the heart posteriorly. The lungs showed slight edema. The 
liver was congested. 

ExPerRIMENT 8 (dog 92): The dog weighed 15 Kg. May 10, 1928: An 
opening about 5 mm. long was made in the pericardium and a soft rubber 
catheter was inserted into the pericardial cavity. Through the catheter small 
quantities of surgical solution of chlorinated soda were introduced into the peri- 
cardial cavity. The pericardial fluid immediately became turbid, the pulse rate 
increased and within two minutes the solution was grossly bloody. About 40 cc. 
of the solution was used, and the irrigation lasted about five minutes. The peri- 
cardial cavity was then irrigated with saline solution and the opening in the peri- 
cardium was sutured. 

Following the operation, the dog was in good condition. On the fourth day a 
systolic murmur became audible, and a roentgenogram showed an increase in the 
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Fig. 2 (experiments 6 to 8).—Showing the effect of small quantities of surgical solution 
of chlorinated soda injected into the pericardial cavity. 
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size of the cardiopericardial shadow. On June 11, the dog sustained a shower 
of emboli into the lungs. Blood escaped from the mouth. The dog was killed. 
There was no free fluid in the thorax. About a dozen triangular areas of consoli- 
dation were found in the lungs. Each of these extended to the periphery of the 
lung, and on section, they were found to contain fresh blood. The bronchi and 
trachea also contained fresh foamy blood. A generalized pericarditis was present 
with fibrous adhesions. At the base of the heart posteriorly, a shaggy pericarditis 
was present, and the adhesions were fibrinous and granular. There was a little 
blood-stained fluid walled off in small pockets. The pericardium was thickened 
(fig. 2). The abdominal organs were normal. No source of the emboli was found, 
and it was concluded that probably they arose from the vessels of the pericardium. 


Comment.—Small quantities of surgical solution of chlorinated soda 
injected into the normal pericardial cavity usually produced an imme- 
diate increase in the pulse rate. Within a few minutes after the injec- 
tion hemorrhage usually occurred, and this was due to erosion of small 
blood vessels. The injection of small quantities (40 cc.) of the solution 
into the pericardial cavity or the irrigation of the pericardial cavity 
with the solution and then physiologic solution of sodium chloride pro- 
duced uniformly, within several weeks, a marked reaction consisting 
of either pericarditis with effusion or pericarditis with adhesions. 
Generalized edema and polyserositis developed in several experiments, 
and in one multiple pulmonary infarcts occurred. These observations 
are especially noteworthy in that the experiments were not complicated 
by the presence of infection. 


SeRiES 3.—Effect of surgical solution of chlorinated soda on the 
infected pericardium. 

Purulent pericarditis was produced by doing a pericardiostomy and 
then either letting the pericardium become infected from the exterior 
or inoculating the pericardium with organisms. Pericardiostomy was 
effected in two stages. First, the pericardium was sutured securely to 
the thoracic wall so that the pleural space was completely closed off. As 
a further precaution against pneumothorax, the muscles and skin of the 
thoracic wall were sutured and the wound completely closed. At a later 
date this scar was incised and the pericardium having become adherent 
to the thoracic wall was opened. If pericardiostomy was carried out in 
one-stage, pneumothorax or empyema or both frequently complicated 
the experiment. 


ExperRIMENT 9 (dog 12): The dog weighed 20.5 Kg. Oct. 15, 1925: About 
3 inches (7.6 cm.) of the fifth rib on the left was resected subperiosteally. The 
pericardium was sutured with interrupted silk sutures to the parietal pleura over an 
area almost 3 cm. in diameter, and the muscles of the thoracic wall were approxi- 
mated over this. The skin was closed with a subcuticular suture. 

December 8, 1928: The healed scar was incised and the pericardium was 
opened without opening the pleura. A small catheter was inserted into the peri- 
cardium and left in place. A sterile dressing was applied to the wound. 
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December 12: A cloudy fluid with a sour odor containing white curdlike flakes 
drained from the pericardium. Cultures of this fluid showed a nonhemolytic 
streptococcus. Irrigation through the catheter with 20 cc. of surgical solution of 
chlorinated soda twice daily was begun. 

December 21: The dog had been losing weight and was apparently ill. It 
was killed by chloroform narcosis. The abdomen contained 1,000 cc. of clear fluid 
and each pleural space about 500 cc. The lungs showed no consolidation. The 
pericardium was greatly thickened and adherent in places to the heart. The sur- 
face of the heart and pericardium was roughened with wartlike excrescences 
(fig. 3). The various lobes of the liver were separated from one another by a 
fibrinous coating which could be easily pulled away. 

EXPERIMENT 10 (dog 119): The dog weighed 13 Kg. June 8, 1928: About 
7 cm. of the left fourth and fifth ribs were resected subperiosteally. The peri- 
cardium was sutured to the wound in the thorax with many interrupted silk 
sutures so that the pleural space was closed off. The muscle and skin were 
approximated over the pericardium. 

July 11: An incision was made over the scar of the operation and the peri- 
cardium was opened without entering the pleura. The incised margin of the 
pericardium was sutured to the skin. A large sterile dressing was applied. 

July 26: The dog was in good general condition. Free pus was exuding from 
the opening in the pericardium. The pericardium was irrigated with 200 cc. of 
surgical solution of chlorinated soda. There was no bleeding, no evidence of pain 
and no change in the pulse rate. 

August 3: Irrigation of the pericardial cavity with 200 cc. of the solution 
was carried out daily. The fluid returned slightly bloody during the last two 
irrigations. The dog was developing ascites. 

August 5: The dog died. At necropsy 1,000 cc. of blood-tinged fluid was in 
the abdomen and about 400 cc. in each pleural space. The pericardium was thick 
and fibrous. It was not adherent to the heart except posteriorly where the two 
structures were firmly grown together (fig. 3). There was no fluid in the peri- 
cardium. The surface was shaggy and infected. The lungs were somewhat 
edematous and the liver was congested. 

EXPERIMENT 11 (dog 25): The dog weighed 13.5 Kg. Sept. 8, 1928: About 
8 cm. of the left fourth rib was removed. The pericardium was attached to the 
thoracic wall with interrupted sutures in a circle about 4 cm. in diameter. The 
pericardium was then opened and the incised edge was sutured to the intercostal 
muscles so that the pleural space was closed. The subcutaneous fat and the skin 
were approximated. 

September 26: The scar of the operation was incised and the pericardium was 
opened without entering the pleura. Two cubic centimeters of a broth culture of 
Staphylococcus aureus was injected into the pericardium. 

October 9: The pericardial cavity was purulent. Irrigations of the pericardium 
with surgical solution of chlorinated soda, 15 cc. three times a day, were begun. 
There was no change in the pulse rate, no bleeding and no signs of pain accom- 
panying the irrigations. 

October. 17: The dog contracted mange, was losing weight and was killed. 
There was no fluid in the abdomen or chest, nor any signs of edema or decom- 
pensation. The opening in the pericardium was about 1 cm. in diameter. The 
pericardium was thickened and everywhere adherent to the heart (fig. 3). In 
places, a shaggy exudate was present. 

ExpPEeRIMENT 12 (dog 26): The dog weighed 16 Kg. Sept. 11, 1928: A 
procedure similar to that of the preceding experiment was carried out. 
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Fig. 3 (experiments 9 to 12).—Showing specimens of purulent pericarditis in which 
irrigation of the pericardial cavity with surgical solution of chlorinated soda had been carried out. 
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September 26: The pericardium was opened as described in experiment 11, 
and 2 cc. of a broth culture of Staphylococcus aureus was injected into it. The 
dog was in good condition. 

October 9: Irrigation of the pericardial cavity with 15 cc. of surgical solution 
of chlorinated soda three times daily was begun. There was no hemorrhage 
accompanying the irrigations and no change in the pulse rate. 

October 17: The dog was in good condition; it was killed for the specimen. 
The liver and spleen were a little enlarged; there was no fluid in the abdomen 
or chest. The lungs were normal. The heart and pericardium were markedly 
enlarged. A shaggy exudate lay between the heart and pericardium, and in places 
these structures were bound together by friable adhesions (fig. 3). 


Comment.—Only a few of the attempts to produce purulent peri- 
carditis are recorded. Many of the experiments were complicated 
by empyema or pneumothorax. A few were conducted as controls, i.e., 
purulent pericarditis was produced, but the pericardial cavity was not 
irrigated with surgical solution of chlorinated soda. 

From the experiments recorded, it may be stated that the infected 
pericardium did not bleed when irrigated with surgical solution of 
chlorinated soda and the irrigations apparently were not painful. These 
observations are in agreement with those of Pool and others who used 
it in the treatment of human cases. The absence of hemorrhage and 
pain was due, undoubtedly, to the layer of fibrin which in cases of infec- 
tion protected the pericardium from the erosive action of the solution. 
The result in each experiment in which purulent pericarditis was pro- 
duced, whether irrigated with surgical solution of chlorinated soda or 
not irrigated, was uniformly an extensive generalized pericarditis. 
Whether there was any difference in the extent of the reaction in these 
experiments compared with the control experiments cannot be stated. 
In each, the pericardium was greatly thickened and the adhesions to the 
heart were extensive. Polyserositis developed frequently in the experi- 
ments in which the pericardium was irrigated as it did in the case 
reported by Pool. 

CONCLUSIONS 


1. Surgical solution of chlorinated soda injected into the normal 
pericardial cavity of the dog produced a profound reaction. The imme- 
diate reaction consisted of pain and hemorrhage. The latter was due to 
erosion of blood vessels. The end-result of 40 cc. of the solution 
injected into the normal pericardial cavity was pericarditis with effusion 
or generalized adhesive pericarditis. Polyserositis and death sometimes 
resulted. 


2. Purulent pericarditis was produced by allowing the pericardium 
to become infected after a pericardiostomy had been carried out. Irri- 
gation of the infected pericardial cavity with surgical solution of chlorin- 
ated soda was not painful and did not produce bleeding. The absence 
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of pain and hemorrhage was due, presumably, to the protective coating 
of fibrin which was present on the surface of the pericardium. In each 
experiment in which purulent pericarditis was produced the end-result 
was a marked adhesive pericarditis, and this seemed to develop similarly 
in the experiments in which the pericardial cavity was irrigated with 
surgical solution of chlorinated soda and in those in which it was not 
irrigated. 

3. The infected pericardium did not react to surgical solution of 
chlorinated soda as did the normal pericardium. In purulent pericarditis 
the fibrinous exudate must play an important part in protecting the 
pericardial surface from the effects of the free chlorine. In the treat- 
ment of purulent pericarditis the solution, if used at all, should be used 
only in carefully selected cases and with great caution. Because of its 
erosive action it should not be allowed to collect in the pericardial cavity, 
and an adequate drainage tract is indispensable. 














ARTERIOVENOUS FISTULA: DILATATION OF THE 
ARTERY DISTAL TO THE ABNORMAL 
COMMUNICATION 





AN UNUSUAL FEATURE EXPERIMENTALLY EXPLAINED * 
EMILE HOLMAN 


Since the original description of an arteriovenous aneurysm by 
William Hunter,‘ innumerable articles have appeared indicating the 
fascination which this comparatively rare lesion presents both to intern- 
ists and to surgeons. This fascination has its origin in certain charac- 
teristics which are wholly peculiar to this lesion, but which may, in spite 
of their unique character, aid in a more complete understanding of the 
phenomena attending other diseases of the circulation. 

Objectively, the most striking, though not invariable, phenomenon 
attending an abnormal communication between an artery and its accom- 
panying vein is a gradual dilatation of the heart and of the blood 
vessels proximal to the fistula. This dilatation of the heart may be so 
great as to end in complete cardiac decompensation, as recorded by 
Reid * and Leriche,’ or it may be entirely absent. The dilatation is due 
to the distending force of the increased bulk of blood attracted to that 
part of the circulatory bed represented by the heart, proximal artery, 
fistula and proximal vein. Just as flowing water seeks the line of least 
resistance, so this shorter circuit attracts blood to it because of the 
lessened peripheral resistance offered by the fistula when compared with 
the resistance offered by the capillary bed elsewhere in the body. This 
diversion of blood through the shorter circuit greatly increases the 
cardiac output,* the extent of the increase being entirely dependent on 
the size of the fistula. A small fistula may have no demonstrable 
effect either on the size of the heart or on the proximal vessels, whereas 
a large fistula unaccompanied by obstruction to the venous return to 








* From the Department of Surgery, Stanford University Medical School, San 
Francisco. 
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the heart invariably produces a dilatation of the heart and the proximal 
vessels.® 

The factor compensating for the diversion of blood from the gen- 
eral circulation into the shorter circuit is an increase in total blood 
volume.* This increase is commensurate with the amount of blood 
diverted through the fistula, and the amount of blood so diverted deter- 
mines the increase in the size of the circulatory bed through which the 
shortcircuited blood flows. 

Careful clinical histories have demonstrated in certain instances the 
slowly progressive character of the cardiac dilatation and disability 
which accompany an arteriovenous fistula. In three of my cases the 
fistulas had been present twenty-four, twenty-five and twenty-six years, 
respectively, with signs of cardiac disability of only a few years’ dura- 
tion. It is my opinion that when this progressive dilatation of the 
heart and vessels proximal to the fistula occurs, it is accompanied by, 
and is probably dependent on, a progressive dilatation and widening of 
the fistula itself. Under such conditions there is present a vicious circle, 
consisting of a progressive diminution in peripheral resistance due to 
this progressive dilatation of the fistula, a progressive increase in total 
blood volume paralleling the amount of blood diverted into the shorter 
circuit and a progressive dilatation of that part of the circulatory bed 
comprising the shorter circuit, namely, the heart, proximal artery, 
fistula and proximal vein. 

The crucial factor underlying the progressive dilatation of this part 
of the circulatory system is the difference in the peripheral resistances 
offered to the flow of blood (1) by the normal capillary bed in the gen- 
eral circulation and (2) by the fistula in the shorter circuit. The dilata- 
tion of this shorter circuit will continue so long as blood will find its 
way more easily through the fistula than through the capillary bed; 
in other words, the dilatation will continue until the resistance offered 
by the surrounding tissues to any further dilatation either of the artery 
or the fistula, plus the resistance to the flow of blood through the fistula, 
equals the resistance to the flow of blood offered by the capillary bed 
elsewhere. When this equalization of resistances is reached, there will 
be no further increase in the volume of blood flowing toward and 
through the fistula, and consequently that part of the circulatory system 
through which this shortcircuited blood must pass will not undergo fur- 
ther dilatation. 

The measured diameters of the fistulas in the three cases already 
mentioned are indicative of a progressive increase in the size of the 


5. Holman, Emile: Experimental Studies in Arteriovenous Fistulas: III. 
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fistula. In the first case,’ a fistula between the popliteal vessels had 
a measured diameter of 2.1 cm. 





a diameter far above the original 
diameter of the popliteal artery. In the second case,‘ a fistula between 
the femoral vessels measured 1.8 cm. in diameter, also considerably in 
excess of the original size of the artery and probably also greater than 
the original size of the fistula. In the third case,® the fistula between 
the superficial femoral vessels measured 1.4 cm. in diameter. In each 
of these instances, the artery proximal to the fistula had a diameter 
over twice that of the corresponding artery in the opposite limb. 

Remarkable as is this dilatation of the artery proximal to an arterio- 
venous fistula, it is an even more arresting fact that on several rare 
occasions a definite dilatation of the artery distal to the fistula has 
been recorded. This phenomenon has been particularly puzzling to 
students of this lesion, and at first glance such a dilatation would appear 
to be improbable. On further reflection, however, it becomes apparent 
that under certain conditions this distal dilatation is inevitable. In the 
healing that occurs following the injury to the two vessels, the arterial 
wall proximal to the fistula may become rigid due to the deposition of 
fibrous tissue, or the lumen may even be constricted and partially shut 
off by the contraction of the fibrous tissue laid down in the reparative 
process. If the fistulous opening distal to the constriction remains, 
there would still be an area of diminished resistance in the arterial 
tree which would have the effect of attracting a large quantity of blood 
to the fistula, the only avenue of approach being by way of the collateral 
circulation. An increased volume of blood flowing through the collateral 
circulation and into the distal artery would, if the fistula were large, 
inevitably lead to a dilatation of the artery distal to the fistula, just as 
in other instances the increased bulk of blood flowing through the 
proximal artery has distended and dilated it. 


REPORT OF CASES 
The following clinical cases illustrate this possibility : 


Case 1 (Breschet ”).—L. F., aged 22, was injured in the left arm by a sharp 
instrument which penetrated the artery and vein on the medial superior aspect of 
the left arm. Six weeks after the accident, he noticed an extraordinary pulsation 
and “roaring” in the area of the healed wound. Within the next two years, a 
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large sized pulsating tumor appeared at the same site. The roaring disappeared 
on compression of the artery proximal to the tumor. Ligation of the artery, 
according to the method of Hunter (proximal to the tumor), was performed with 
complete and immediate cessation of the pulsation and roaring. Shortly after the 
operation, the arm became cold and insensible and the fingers became flexed. On 
the fourth day a slight hemorrhage occurred, and on the thirteenth day the ligature 
fell away. Soon a slight murmur was heard at the site of the old tumor which 
gradually increased. The hand and fingers became markedly flexed. 

The reappearance of the tumor with all the previous symptoms and the marked 
dilatation of all the veins indicated a return of the disorder, a return only explicable 
by the entrance of blood into the vessels situated below the lesion of the artery 
and principally into the inferior end of the artery which was considerably dilated. 


This case illustrates, by the development of an ischemic paralysis, 
the danger of ligation of the artery proximal to the fistula. That gan- 
grene did not occur was dependent on the prompt development of a 


collateral circulation sufficient to produce eventually a dilatation of the 
artery distal to the fistula. 


Case 2 (Breschet *).—B. D., aged 22, received an injury on Oct. 26, 1825, 
from a paring Knife which entered his left thigh in Hunter’s canal. At the end 
of three days, the dressing to control hemorrhage was removed and he noted a 
thrill and bruit in the region of the wound. He entered the hospital on April 27, 
1826, with the left lower leg larger than the right; the veins of the leg dilated and 
varicose; two small ulcerations on the left thigh; a pulsating tumor the size of 
a nut with a remarkable continuous thrill, which was accentuated in systole and 
which disappeared on compressing the artery above, and which was augmented on 
compressing the artery below the tumor. At the operation on May 17, two liga- 
tures were applied proximal to the pulsating tumor. The patient died eight days 
later following development of gangrene in the leg below the ligature. Examina- 
tion of the limb revealed a marked dilatation of all the veins of the lower limb. 
The arteries were injected, and it was found that the arteries even up to the 
capillary vessels were greatly dilated and tortuous. This dilatation affected not 
only the trunk of the femoral, the popliteal, and the tibial, but also the peroneal 
artery and all the smaller branches. At the point corresponding to the injury 
there was a communication, “large and free,’ between the artery and vein. 


Case 3 (Cauchois™”).—A reservist was wounded in the battle of the Marne 
in August, 1914, by a bullet traversing the popliteal space. Prompt healing of 
the wound occurred, but it was followed by the appearance of a continuous thrill 
and bruit indicating the presence of an arteriovenous communication. At the 
operation on Jan. 20, 1918, the popliteal vein was doubled in size, but the popliteal 
artery was greatly reduced in volume. The arteriovenous fistula, about 1 cm. 
long, was situated in the most distal part of the popliteal vessels. A quadruple 
ligation was performed, and the aneurysmal sac excised. This revealed an anterior 
tibial artery (distal to the opening) to be wide open, gaping and voluminous in 
size. Gangrene did not occur due to a remarkable collateral circulation. 








11. Cauchois: Anéurisme artérioveneux de la terminason des vaisseaux poplites, 
Bull et mém. Soc. de chir. de Paris 41:757, 1915. 
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Case -4 (Reid *).—A man, aged 35, was admitted to the Johns Hopkins Hos- 
pital on Oct. 14, 1921, with an arteriovenous fistula between the left subclavian 
vessels, caused by a gunshot wound received five months previously. The left 
radial pulse was small, but palpable. The systolic blood pressure in the right 
arm was 120 mm. of mercury, in the left, 60; the diastolic pressure was 60 
in the right arm and not measurable in the left. At operation, the fistula, which 
was between the subclavian vessels in their third portion, was excised. Contrary 
to the usual observations, the artery in this instance was larger on the distal side 
than on the proximal side of the fistula. 

Case 5 (Reid”).—A man, aged 41, was admitted to the Cincinnati General 
Hospital on May 29, 1922. He had been shot below the left clavicle six months 
previously. A loud noise and the unmistakable signs of an arteriovenous fistula 
were detected on the day of the accident. The radial pulse had been good ever 
since the accident. The pulse rate was 70. The blood pressure in the left arm 
was systolic, 105; diastolic, 80. In the right arm it was systolic, 120; diastolic, 85. 
At operation, the fistula was found to be in the third portion of the subclavian 
artery. The fistulous connection was ligated with silk. The artery distal to the 
fistula was a little larger than it was on the proximal side. After the operation 
the blood pressure was the same in both arms, namely, systolic, 120; diastolic, 85. 


Experimentally, dilatation of the artery distal to a fistula may be 
easily produced. Two and one-half years ago, experiments were under- 
taken to determine the effect of ligating the artery proximal to a pre- 
viously produced fistula. It was believed that such a procedure would 
result in evidences of impaired nutrition to the limb comparable to that 
seen in the clinical cases following ligation of the artery proximal to a 
fistula. Somewhat to my surprise, no difficulties of nutrition appeared, 
a fact undoubtedly due to the abundant collateral circulation available 
in the dog where trifurcation of the aorta occurs in place of bifurcation 
as in the human being. It was noted that accompanying this remarkable 
collateral circulation there had occurred also a dilatation of the artery 
distal to the fistula. A review of the literature then revealed the two 
clinical observations by Breschet which were exactly comparable to the 
conditions present in the experimental animals. 

The following protocols are presented as illustrative of the experi- 
ments which demonstrated the truth of the rare clinical observation 
that the artery may be dilated distal to a fistula instead of immediately 
proximal to it. 

PROTOCOLS 


EXPERIMENT 1.—Dog T1.—A large, male mongrel, weighing 41 pounds (18.6 
Kg.), was used for the experiment. On April 8, 1926, a fistula 2 cm. long was 


12. Reid, Mont R.: Studies on Abnormal Arteriovenous Communications, 
Acquired and Congenital: I. Report of a Series of Cases, Arch. Surg. 10:601 
(March) 1925; II. The Origin and Nature of Arteriovenous Aneurysms Cirsoid 
Aneurysms and Simple Angiomas, ibid. 10:996 (May) 1925; III. The Effect of 
Abnormal Arteriovenous Communications of the Heart Blood Vessels and Other 
Structures, ibid. 11:25 (July) 1925; IV. The Treatment of Abnormal Arterio- 
venous Communications, ibid. 11:237 (Aug.) 1925. 
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established between the left femoral artery and vein, the diameters of which 
measured 4 and 7 mm., respectively. The pulse rate was 90 before the operation, 
140 before the opening of the fistula, 148 immediately after it was opened and 165 
at the end of the operation. 

On April 21, a well marked thrill and bruit were present at the site of the 
fistula; the left leg was swollen and edematous beyond the fistula, and the super- 
ficial veins were unusually prominent. The pulse rate was 120 with the fistula 
open, and 112 when the fistula was closed by digital pressure. The toes on the 
left foot were bluer than those on the right, and the left foot was colder than 
the right. 

On this day, the femoral artery proximal to the fistula was exposed and ligated 
with silk, resulting in an immediate cessation of the thrill and bruit. Four hours 
later it was noted that the pulse rate had dropped from 120 to 80, the thrill was 
still absent, and the foot was warmer and pinker than before ligation of the 
proximal artery. At no time was there any evidence of impaired circulation 
beyond the fistula. This was contrary to the expected theoretical result. 

By April 28, a definite though slight thrill had returned at the site of the 
fistula, illustrating the ineffectiveness of ligation of the proximal artery in curing 
a fistula. 

On April 30, a fistula 2 cm. long was established between the right femoral 
artery and the vein. These measured 4 and 6 mm. in diameter, respectively. 
Within four days, the right leg became enormously swollen, the right thigh measur- 
ing 43 cm., the left thigh 33 cm. in circumference. The swelling gradually subsided. 

The behavior of the blood pressure beyond the fistula on the left presented 
some interesting observations. On April 21, after the artery proximal to the fistula 
had been ligated, blood pressure readings could not be obtained beyond the fistula 
with a Pachon oscillometer. On June 4, readings could not be obtained on the 
left, but by August 30, the blood pressure readings were 100 systolic; 20 diastolic. 
On June 4, the readings on the right below the fistula were 80 systolic; 20 diastolic. 
On August 30, these were 130 systolic; 30 diastolic. On this date also, the pulse 
rate was 160 with both fistulas open, and 140 with both fistulas closed. 

There then occurred a gradual diminution in the intensity of the thrill and 
bruit on the right, and by December 8 they had entirely disappeared, indicating the 
complete closure of the fistula, probably by thrombosis. The thrill and bruit on 
the left were still intense, and there was a remarkable pulsation visible and pal- 
pable in the artery beyond the fistula. The blood pressure in the right leg below 
the site of the previous fistula was 120 systolic; 55 diastolic. On the left below 
the still patent fistula, the blood pressure readings were 100 systolic; 55 diastolic. 

On May 31, 1927, the dog was killed. Before death, an intense thrill and bruit 
were present over the left thigh, with marked prominence of the superficial veins 
and with a prominently beating artery on the distal side of the patent fistula on 
the left as compared to only a small artery on the distal side of the closed fistula 
on the right. The pulse rate was 90 with the fistula on the left open, and 72 with 
it closed. 

The vessels were exposed and it was found that the artery distal to the open 
fistula on the left had a diameter of 7 mm., whereas the artery on the right at a 
corresponding point was only 4 mm. in diameter. The fistula on the right was 
occluded by a thrombus, whereas the fistula on the left was widely patent, measur- 
ing 0.7 by 1 cm. The artery proximal to the fistula on the left was completely 
obliterated by fibrosis at the site of the previously applied ligature. 

The vessels were injected with bismuth oxychloride (17 per cent solution in 
10 per cent gum acacia (fig. 1). The extraordinary dilatation of the collateral 
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vessels on the left was obvious as compared to the vessels beyond the closed fistula 
on the right. The increase in the caliber of the anastomotic channels on the left 
side was also apparent. An interesting observation was the fact that both on 
dissection of the specimen and in the roentgenograms of the injected specimen the 
artery distal to the fistula on the left was dilated only in that portion receiving 
blood from the enlarged collateral bed, i. e., the dilatation extended to about the 
level of the knee joint. Beyond the knee, the arteries on the two sides were 
identical in size. 


EXPERIMENT 2.—Dog T8—A large, male collie, weighing 32 pounds (14.5 Kg.), 
was used for this experiment. On April 21, 1927, a fistula 2.6 cm. long was 





Fig. 1 (experiment 1, dog T1).—Right femoral fistula established thirteen 
months previously which closed spontaneously. There is some evidence, however, 
of a slight increase in collateral circulation as compared to normal leg (fig. 7).- A 
femoral fistula is established on the left at F, and the proximal artery ligated, 
resulting in a remarkable development of the anastomotic circulation. Note the 
dilatation of the artery F A’ distal to the fistula as compared to artery F A® on 
the right. Note the comparative sizes of the corresponding muscular branches 
M’, M’, and N’*, N’. 


established between the femoral vessels on the right. The artery measured 4 mm. 
in diameter, the vein 7 mm. A well marked thrill and bruit were present after 
the operation. On May 3, the vessels proximal to the fistula were exposed and 
the artery ligated, followed by immediate and complete cessation of the thrill and 
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bruit at the site of the fistula. After twenty-four hours, a very faint bruit was 
again heard. This bruit gradually increased, and by June 29, it was as loud as 
before ligation of the proximal artery. On Jan. 5, 1928, the pulse rate was 92 
with the fistula open and 60 with it closed. The artery distal to the fistula on the 
right was prominent as compared to the artery on the left, and the intense bruit 
and thrill at the fistula could be made to disappear completely by closing this distal 
artery. 

The animal was killed on January 13, and the abdominal aorta was injected 
following complete isolation of the fistula to prevent the escape of the injection 
mass into the veins. Again a remarkable collateral arterial bed was demonstrated 
(fig. 2) and the artery distal to the fistula measured 5 mm. in diameter, whereas 
at a corresponding point the left artery measured only 3 mm. 

Roentgenograms of the heart (fig. 3) showed a definite diminution in the 
size of the heart immediately after the establishment of the fistula, whereas a 





> 


Fig. 2 (experiment 2, dog T8).—Injection into the abdominal aorta of bismuth 
oxychloride, showing a remarkable dilatation of the collateral vessels nine months 
following the establishment of a femoral fistula at F. Note the dilatation of the 
main femoral artery F A’ beyond the fistula as compared to the normal femoral 
artery F A* on the other side. Note also the dilatation of the muscular branches 
M* and N* as compared to the corresponding arteries M* and N* on the normal 
side. 





roentgenogram taken nine months later showed a definite dilatation, in spite of 
the ligation of the artery proximal to the fistula. This phenomenon of diminution 
in the size of the heart immediately after the establishment of the fistula followed 
by dilatation was noted also in animal T10 (fig. 7). The diminution of the size of 
the heart is due to the diversion of a considerable volume of blood from the 
arterial side into the venous system directly through the fistula, producing thereby 
a marked temporary fall in general blood pressure. The fact that after nine months 
a dilated heart had developed indicates that a considerable volume of blood was 
finding its way through the collateral circulation and fistula back to the heart. 
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EXPERIMENT 3.—Dog T10—A large, male police dog, weighing 55 pounds 
(24.9 Kg.), was used for this experiment. On July 21, 1927, a fistula 2.5 cm. long 
was established between the right femoral vessels. The artery measured 4 mm. in 
diameter, the vein 6 mm. On the following day, the right thigh and leg were 
hugely swollen with a violet discoloration of the skin on the inner aspect of the 
thigh (fig. 4). By July 28, a large sloughing area had developed at the site of 
the previously discolored skin. This gradually healed. In this animal, the artery 
proximal to the fistula was not ligated, in order to observe the effects of a simple 
fistula on the development of the collateral circulation. 

On Jan. 3, 1928, it was noted that an artery could not be felt distal to the 
fistula, whereas in the other animals, in which the artery proximal to the fistula 




















Fig. 3 (experiment 2, dog T8).—Roentgenogram of normal heart is shown in 
a; b, roentgenogram immediately after establishment of left femoral fistula show- 


ing diminution in size of heart; c, roentgenogram nine months later showing 
dilatation of the heart. In this instance, the artery proximal to the fistula was 
ligated twelve days after the production of the fistula so that the blood reached 
the fistula by way of the collateral circulation and distal artery. 


was ligated, there had developed a prominent artery distal to the fistula. The 
pulse rate on this date was 104 with the fistula open, and 96 with it closed. 

On August 16, the animal was killed and the aorta injected with bismuth 
oxychloride. Roentgenograms were obtained (1) with the right femoral artery 
open proximal and distal to the fistula, but with the vein ligated proximal and 
distal to the fistula; left artery and vein open (fig. 5), and (2) with both artery 




















Fig. 4 (experiment 3, dog T10).—Marked edema twenty-four hours after the 
establishment of a large right femoral fistula at F is shown in a; b, seven days 
later showing patch of necrosis at G due to impaired circulation distal to fistula; 
c, twelve months later showing permanent enlargement of thigh on side of fistula. 








Fig. 5 (experiment 3, dog T10).—Injection into the abdominal aorta with the 
vein ligated distal and proximal to fistula at F. The femoral fistula was established 
on the right thirteen months previously. There is definite dilatation of the artery 
proximal to the fistula, but no dilatation distal to the fistula. There is a definite 
dilatation of the anastomotic circulation as compared to the normal left leg, but less 
marked when compared with the collateral circulation which develops when the 
proximal artery has been ligated as in figures 1 and 2. 
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and vein open permitting the injection mass to flow directly into the venous system 
through the fistula (fig. 6). 

From the roentgenograms and from observations made during dissection, it 
was apparent that demonstrable dilatation of the artery had not occurred distal 
to the fistula, although a definite increase in collateral circulation had developed. 
This development of the collateral circulation, however, was only of a mild degree 
as compared to the remarkable development of collateral circulation when the 
fistula is widely open, and when the blood flowing through it is coming only from 
the distal artery, the proximal artery having been ligated. The artery proximal to 
the fistula measured 6 mm. on the right as compared to a diameter of 4 mm. 
before the establishment of the fistula; the artery on the left at a corresponding 





Fig. 6 (experiment 3, dog Ti®).—Injection into the abdominal aorta with 
femoral fistula on right open, permittitig the opaque mass to enter directly into the 


veins. Note the enormous venous bed in tiie right thigh capable of holding a large 
volume of blood. 


point had only a diameter of 4 mm. The roentgenograms of the heart (fig. 7) again 
showed diminution in its size immediately after the establishment of the fistula, 
and considerable dilatation thirteen months later. 


This phenomenon of dilatation of the artery distal to a fistula due 
to the development of an extraordinary collateral circulation is of 
particular interest because of its bearing on the question of collateral 
circulation in general. Reid ** has called attention to the fistula as a 
most powerful stimulus to the development of collateral circulation. 
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But he adds: “When we consider that the parts peripheral to a fistula 
are deprived of their allotted blood supply by reason of a shunt, there 
is little wonder that nature makes a prodigious effort to compensate by 
the development of other vascular channels.” It appears to me that the 
“need of the tissues” beyond the fistula has little to do with the develop- 
ment of the collateral circulation. The important fact is the presence 
of an area of lessened resistance to the flow of blood at the site of the 
fistula. It is this area of lessened resistance in the arterial tree that 
attracts blood to this site through all available channels including the 




















Fig. 7 (experiment 3, T10).—Roentgenograms of heart (a) before the estab- 
lishment of a right femoral fistula; b, immediately after the production of the 


fistula showing definite diminution; c, thirteen months later showing marked increase 
in size of heart. 


collateral vessels. That this is true is proved by the experiments in 
which a constriction of the artery proximal to the fistula was produced, 
and it is probably equally true if the abnormal opening is large with 
no constriction of the proximal artery. Under such circumstances, the 
volume of blood which may pass through the fistula is larger than the 
volume which can be supplied by the proximal artery alone. The cross- 
section of the fistula is larger than the cross-section of the proximal 
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artery, and since the column of blood which may pass through the 
fistula exceeds in size the column of blood coming through the proximal 
artery, the collateral circulatory bed opens up its channels to pour an 
additional volume of blood into the fistula. All avenues of approach 
to the fistula open up to appease, as it were, the thirst of the fistula. 

The important factor in the opening up of the collateral bed in the 
presence of an arteriovenous fistula is, therefore, not the need of the 
distal tissues but the presence of a large opening in the artery through 
which blood may flow without encountering the resistance presented 
everywhere else in the body by the capillary bed. 

Similarly, the opening up of a collateral circulation following an 
obstruction to the flow of blood through the main artery by tumor or by 
ligation may be explained on the basis of an area of lessened peripheral 
resistance more satisfactorily than on the basis of the need of the tissues. 


Fig. 8—Diagrammatic presentation (a) of circulatory bed in the presence of a 
large femoral fistula, the main current of blood entering the fistula by way of 
the proximal artery, which is dilated; b, diagrammatic presentation of circulatory 
bed in the presence of a large femoral fistula, the main current of blood reaching 


the fistula by way of the collateral circulation and distal artery, the proximal artery 
having been ligated. 


There is a “great need” for blood in those tissues which lie beyond the 
gradual occlusion of the arterial tree through arteriosclerosis or endar- 
teritis, but under these circumstances little collateral circulation has been 
observed. When there is a localized occlusion of a large artery as by a 
tumor or by ligation, there remains a large arterial bed or lake, distal to 
the occlusion, which is capable of holding a considerable volume of 
blood, and which, therefore, presents a lessened resistance to flowing 
blood than the capillary bed elsewhere. As a consequence, there is an 
opening up of the collateral bed to pour blood into this large arterial 
bed or lake beyond the obstruction. If this opening up of the collateral 
vessels proceeds quickly enough to fill adequately this distal arterial 
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bed, gangrene will be averted. But if the collateral vessels are small 
or few in number, the filling of the distal bed occurs too slowly or too 
inadequately and gangrene is inevitable. 

One may contend that once this arterial lake beyond the obstruction 
is filled, there is no longer an area of least resistance into which the 
blood may flow, and that therefore there is no further reason to increase 
either the size or the number of the collateral vessels. Experience 
teaches, however, that it is a progressive process. The reason probably 
lies in the fact that although the arterial lake may be filled, it does not 
remain so. Muscular activity as well as the natural elasticity of the 
arterial wall will assist in propelling forward the blood contained in the 
large arteries distal to the obstruction into the more distant capillary 
bed. As the blood leaves this arterial bed, more blood flows in through 
the developing collateral bed. It is suggested that if a deficient blood 
supply is anticipated following ligation of an artery, the extremity be 
passively and actively exercised as an aid in the development of the 
collateral circulation. 

SUM MARY 


1. Dilatation of the heart and of the artery and vein on the proximal 
side of a peripheral fistula is the usual accompaniment of an arterio- 
venous fistula if it is sufficiently large and of sufficiently long duration. 

2. Evidence is available indicating that in certain instances this 
dilatation of the heart and vessels may be steadily progressive over a 
period of years, accompanied by and probably dependent on a progres- 
sive dilatation also of the fistula itself. 

3. The progressive dilatation of the fistula accompanied by a pro- 
gressive dilatation of the heart introduces a vicious circle which under 
certain conditions can end only in complete cardiac decompensation. 


4. Experimental evidence is presented to show that the collateral 
circulation near the fistula may also participate in the dilatation of the 
circulatory bed through which the shortcircuited blood passes. If the 
fistula is large, blood will seek the fistula through all available channels 


including the collateral circulation because of the lowered resistance at 
the fistula. 


5. On rare occasions, there occurs a dilatation of the artery distal to 
a fistula. The explanation of this dilatation lies in the development of 
such an extensive collateral circulation that the main current of blood 


flowing through the fistula is supplied from the artery distal to the abnor- 
mal communication. 


6. Experimentally, distal dilatation of the artery can be produced by 
establishing a fistula, and, after a free flow of blood through the fistula 
has developed, by ligating the artery proximal to the fistula. The area 
of lessened resistance at the site of the fistula will attract a large volume 
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of blood through the collateral bed, the blood reaching the fistula 
through the distal artery which dilates in response to the increased bulk 
of blood flowing through it. 

7. In the clinical cases, the flow through the distal artery and the 
failure of blood to reach the fistula through the proximal artery is pre- 
sumably due to fibrous tissue deposited in the course of healing, which 
constricts the proximal artery or prevents its dilatation. 

8. In the experimental animal, dilatation of the heart may occur in 
the presence of a fistula with the proximal artery ligated, indicating that 
a considerable volume of blood is being shortcircuited through the 
fistula, the blood reaching it through the collateral circulation. 

9. In the experimental animal, ligation of the artery proximal to a 
fistula may temporarily obliterate the thrill and bruit of a fistula, but 
they promptly recur due to the development of an extensive collateral 
circulation. In clinical cases, ligation of the proximal artery alone is 
contraindicated because of danger of gangrene and, if gangrene is 
averted, because failure to cure the fistula invariably follows, as proved 
experimentally. 











MUSCLE TONE IN DECEREBRATE RIGIDITY * 
LOYAL DAVIS 


Tonus is a property of muscle which exists and concerning which 
much has been written; but a clear definition of muscle tone is not yet 
available. This lack of definiteness has resulted in controversies over 
apparently similar, but actually different, properties of muscle. It is 
not known what relationship exists between tension, elasticity, exten- 
sibility, resiliency and tone; yet all these properties of muscle have been 
spoken of as muscle tonus. Perhaps all these properties constitute tone. 

Peculiarly enough, in spite of the lack of an accurate definition, there 
is a conception among investigators of what is spoken of as muscle tone. 
Dependent on one’s point of view is this conception. Galen spoke of 
muscle tone as an “active posture.” Johannes Miiller employed the 
term to mean a slight contractile tension present in a normal muscle at 
rest. Sherrington’s school believe that it is the result of a propriocep- 
tive reflex and that stretch is the adequate stimulus. Metabolic and 
physical alterations in the muscles may produce changes in muscle tone 
without evoking the intervention of the central nervous system in the 
sense of a stretch reflex. For example, little or nothing is known of 
the peripheral changes in the muscle which accompany myotonia, tetany, 
local anemia or diseases of the globus pallidus. 

Experimentally, the problem may be reduced to a simple one. 
However, as successively higher levels are added to the simple spinal 
reflex arc, the problem becomes more intricate, and the interpretation of 
results more hazardous. Thus it becomes extremely difficult to analyze 


muscle tone clinically when one is dealing with the imposing influence 
of voluntary innervation. 


PATTERN OF DECEREBRATE RIGIDITY 


Much of what is known about muscle tone has been learned from the 
study of decerebrate animals. Pollock and I became involved in the 
subject through the natural development of our interest in a method of 
decerebration. In 1896, Sherrington described the condition of decer- 
ebrate rigidity which followed transection of the brain stem at any 
level between the colliculi and the exit of the eighth pair of cranial 
nerves. Following this work, decerebrate animals were produced by 


ablation of the cerebrum or by the gross cutting through of the brain 
stem. 


* From the Laboratory of Surgical Research, Northwestern University Medical 
School. 
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These mutilating operations were attended by a high mortality, and 
were associated with a great degree of shock. The exact level of 
decerebration could not be predetermined, and a complete decerebration 
was not assured until postmortem examination. Frequently, some part 
of the brain cephalad to the decerebration remained intact. Bleeding 
was difficult to control, and the degree of hemorrhage was immeasurable. 
Shock obscured the picture, and the time of its disappearance could not 
be determined accurately. An aniimai decerebrated by such methods 
showed symptoms which resulted not only because of the removal of 
function of certain parts of the brain, but also because of compression, 
which was the result of hemorrhage and mutilation of an immeasurable 
area of nervous tissue adjacent to the operative wound. 

It was shown by Hill that occlusion of the blood supply to the 
central nervous system for fifteen minutes produces damage from which 
there can be no recovery. This fact was corroborated by many workers, 
and Stewart, Guthrie, Burns and Pike produced excellent “spinal” 
animals by the combined occlusion of the vertebral and carotid arteries. 
Often, they were obliged to ligate the right innominate and the left 
subclavian arteries as well. It followed that if a method could be 
devised whereby anemia of a certain isolated part of the cerebrum could 
be produced for a period longer than fifteen minutes, that part of the 
brain would be rendered functionless. 

Studies on comparative anatomy have shown that the cerebral 
arteries are laid down with remarkable precision, and the distribution is 
associated closely with the function of the parts supplied. According 
to Stopford, who studied the distribution of the blood vessels to the 
pons and medulla by means of injection experiments, the nutrient ves- 
sels to the pons and medulla are true end-arteries and may be utilized 
in the investigation of function of certain parts of the medulla and pons. 
It seemed possible, then, in the absence of anastomotic vessels, to inter- 
rupt the continuity of the blood stream in the basilar artery by a ligature, 
and thus to separate that part caudad from that cephalad to the ligature. 
If the carotid arteries were then tied, a complete anemia of the brain 
cephalad to the ligature on the basilar artery was produced. In a former 
communication, Pollock and I published a description of an operation 
to produce an anemic decerebrate animal. The method of decerebration 
by anemia consisted of two steps: (1) the ligation of the basilar artery 
at any desired level and (2) the ligation of the carotid arteries. 

Without exception, after ligation of the carotid and basilar arteries, 
decerebrate rigidity, so completely described and analyzed by Sherrington 
and later by Magnus and de Kleijn, ensues. When fully developed, the 
rigidity is marked, the spine is extended and the tail is held in a hori- 
zontal position or is curved strongly upward, at times to the degree of 
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lying parallel to the back. Any attempt to depress the tail is followed 
by immediate resumption of its original position. The extremities are 
fully outstretched ; the fore-legs are held stiffly extended at the shoulder 
and elbow joints and are retracted. The angles between the limbs and 
the body vary as to the position of the body. If the animal is placed as 
if sitting on its haunches, the angle is smaller than if the trunk is 
horizontal. The wrist joints are seldom involved in the rigidity. The 
hind-legs are thrust backward and are outstretched, but to a lesser 
degree. All the joints in the hind-legs are equally involved. The head 
is maintained in a lifted position, despite gravity, and there may be some 
opisthotonos of the head on the neck. The degree of opisthotonos may 
be increased by pressure against the outstretched fore-legs or by moving 
them forward. The jaws are tightly closed. Considerable force is 
required to produce flexion of the extended extremities, and when 
released they immediately assume their former position. Numerous 
reflex reactions may be demonstrated. Such an animal, if carefully 
posed, can be made to stand. In fact, the posture has been described as 
rigidity in an antigravity position, or as a caricature of standing. 

Former workers were concerned with experimental attempts to 
abolish this rigidity by section of the eighth cranial nerves and by 
removal of the cerebellum, red nucleus and other parts of the nervous 
system which remained intact. They assumed, by the direction of their 
research, that the entire function of that part of the central nervous 
system remaining after decerebration was expressed in the resulting 
rigidity in an antigravity position. On the contrary, Pollock and I felt 
that the standing reflex of decerebrate rigidity was but one of the 
simplest patterns which could be released. If other patterns were 
present, they either were inhibited or could not break through the 
extreme extensor rigidity which was ordinarily present. Our investiga- 
tions, therefore, dealt largely with attempts to release other patterns by 
removal of the remaining parts of the nervous system which either 
inhibit them or, by selective influence on extensor tone, prevent their 
appearance. It would follow then that, depending on the level of 
decerebration and on the influence of other reflex activities present, the 
pattern of rigidity following decerebration would materially change. 

In the decerebrate preparation produced by the ligation of the basilar 
and carotid arteries, the superior part of the cerebellum is functionless. 
When the inferior cerebellar arteries are electrocoagulated, tied or 
severed, the function of the entire cerebellum has been destroyed. If 
the preparation is made by a ligation of the basilar artery distal to the 
inferior cerebellar arteries, the cerebellum does not function. In both 
types of experiments, the pattern and degree of rigidity were the same, 
and the animals could not be differentiated by their appearance from a 
good Sherrington preparation. 
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The pattern of rigidity is dependent undoubtedly on the functional 
activities of the brain-stem of the particular animal studied. In the 
decerebrate sloth, which normally hangs from trees, Richter and 
Bartemeier described lasting flexor rigidity in a pattern of reflex hang- 
ing following decerebration. In monkeys, decerebration by the anemic 
method was characterized by a constantly flexed position of the arm. 
Extensor rigidity could be produced by suitable stimuli, such as pushing 
on the passively extended wrist. Occasionally, flexor rigidity has been 
noted in decerebrate animals by other workers. Bazett and Penfield 
found that an extensor rigidity might alternate with one of flexion, and 
that the more chronic the preparation the more tendency there was for 
a flexed position to appear. 





INFLUENCE 





OF 





THE LABYRINTHS 





The function of the labyrinths has been identified with muscle tone 
since the early investigations of Flourens, Goltz and Ewald. Whereas 
these early investigations dealt chiefly with the general influence of 
unilateral and bilateral extirpations on tone, coordination and synergy, 
more recent studies have been concerned with the relation of laby- 
rinthine function to reflex tone. Such studies have been made on normal 
and decerebrate animals. Much of the knowledge of the rigidity of 
decerebrate animals was gained from Sherrington’s accurate observa- 
tions and physiologic interpretations. The labyrinth was considered by 
Sherrington to be a receptive organ capable of being stimulated by 
change of position of the head in relation to the horizon, and by move- 
ments of the head. Reflexes which adjust the segment to the horizontal 
plane are initiated by the labyrinths. Other structures, such as the 
extra-ocular muscles, are adjusted by the labyrinths in a similar reflex 
manner. He also called attention to the resemblance between the laby- 
rinthine receptors and the proprioceptors of the limbs. In both, stimula- 
tion occurs chiefly through the reaction of the organism itself, and both 
originate and maintain tonic reflexes in the skeletal muscles. The obser- 
vation of Sherrington that movement of the head in relation to the trunk 
modifies the distribution of extensor tone in the extremities has been 
explained fully by the extensive and illuminating researches of Magnus 
and his co-workers. They have shown that the position of the head 
determines the distribution of tone in the muscles of the neck, trunk and 
extremities in intact as well as in decerebrate animals. This influence 
depends on certain reflexes, of which two chief groups have been 
described : the standing reflexes and the righting reflexes. 


When a decerebrate animal’s head was immobilized in relation to the 
body, and was placed so that the vertex was down and the line of the 
mouth was at an angle of 45 degrees with the horizontal, the rigidity 
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reached its maximum. If the vertex was placed up and the line of the 
mouth was at an angle of 45 degrees below the horizontal, the rigidity 
was at its minimum. When the labyrinths were destroyed, change of 
position of the head in relation to space did not produce any change in 
the distribution of tone in the decerebrate animal. Such a change, then, 
was due to the labyrinthine tonic or standing reflexes. 

Pollock and I described the results of destruction of the labyrinths 
in decerebrate animals. When suspended, such an animal assumed a 
good decerebrate rigidity in the fore-legs and the hind-legs. Shortly, 
the head began to drop and the rigidity lessened in the fore-legs. If the 
head was then passively extended and suddenly released, it dropped into 
a position of flexion, and the fore-legs were convulsively flexed in all 
joints and adducted. At the same time, the hind-legs were extended 
backward more rigidly. If the head was extended passively, again the 
fore-legs assumed an attitude of extension and the tone in the hind-legs 
was diminished. 

From this it would appear that the labyrinths exert a strong influence 
on the extensor reflex of the neck, which tends to produce a fixed posi- 
tion of the head in extension with a consequent marked extensor rigidity 
in the fore-legs. Not only does this position evoke an extensor rigidity 
in the fore-legs, but the play of labyrinthine tone on the extensors of the 
neck is sufficient alone to reinforce the extensors of the fore-legs when 
the head is flexed passively in an ordinary decerebrate animal. When 
the labyrinths were destroyed and the head was suddenly released, 
marked and sudden flexion occurred as the result of gravity, and the 
fore-legs were flexed and adducted. The rigidity in flexion was as 
great as the rigidity in extension in the ordinary decerebrate animal. 
The position of the fore-legs in flexion was retained indefinitely until 
the head was extended passively, or until some phasic reflexes were 
elicited. Removal of the cerebellum did not affect the pattern of rigidity 
in flexion in these animals. 

It is obvious that many postural reflexes must exist in a normal ani- 
mal other than the tonic reflexes. When an animal was decerebrated 
cephalad to the midbrain, with or without the thalamus intact, Magnus 
found that as the animal recovered from shock and ether it gradually 
assumed a sitting position, and the head, closely followed by the trunk, 
was brought immediately into a normal position. The distribution of 
tone was normal. Left to itself, such an animal remained motionless, 
but could be stimulated to walk, run and jump. If overturned, it righted 
itself ; and, in whatever position the animal was placed, the head at once 
assumed the upright, normal posture. The ability to assume and main- 
tain the normal position of the body is dependent on a group of reflexes, 
the sum total of which is designated as “righting reflexes” (Stell- 
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reflexe), as opposed to the tonic reflexes grouped together as “standing 
reflexes” (Stehreflexe). They consist of (1) labyrinthine reflexes act- 
ing on the head; (2) postural reflexes arising in the body and acting on 
the head through asymmetrical stimulation; (3) neck reflexes, and 
(4) postural reflexes acting on the trunk and limb through asymmetrical 


stimulation. With the exception of the neck reflexes, the centers are in 
the midbrain. 


INFLUENCE OF DECEREBRATION AT A HIGH LEVEL 


It was evident from the study of the preparations in which the 
labyrinth was destroyed that at least patterns of tonic postural reflexes 
could be elicited from that part of the brain stem functioning in an 
ordinary decerebrate animal. Pollock and I were now concerned with 
the possibility of releasing other reflexes, and determining what factors 
inhibited the predominance of labyrinthine tone when higher levels of 
the brain stem remained intact. In the course of some unpublished 
work on epilepsy, it was necessary to isolate a segment of the basilar 
artery by ligatures placed some distance apart. During the same work, 
animals were decerebrated by a ligation of the basilar artery much 
higher than in ordinary animals. The preparations which resulted from 
both procedures showed great activity. The experiments were, there- 
fore, repeated. 


In one group of animals, a double ligation of the basilar artery only 
was made. In the second group, a ligation of the basilar artery was 
made just caudad to the pituitary fossa, and the carotid arteries were 
then tied. Curiously, the resulting preparations resembled each other 
closely. Lying on its back, following the operation, the animal gradually 
extended the extremities, but the extension of the fore-legs was more 
marked. After the animal was taken from the operating board and 
placed on its side, tone became greater in the uppermost side, and the 
head became anteflexed. Strong flexion of the fore-legs and paws with 
unsheathed claws occurred, so that at times the animal grasped its own 
face and was unable to release it, at which time it cried out. If turned 
from side to side rapidly, it attempted to right itself by rapid movements 
of the fore-legs; that is, if turned from left to right, the left fore-leg 
abducted and extended. If the animal was turned on its back with the 
head spontaneously fixed and was then released, it attempted to roll 
forward as if to get into a ventral position. If placed on its abdomen, the 
fore-legs were in a position similar to the kangaroo position of flexion. 
Frequently, an animal prepared in such a manner attempted progressive 
movements. If placed in a cage, the animal crawled along the wall and 
then would spring forward, clasping the wire net of the cage. It might 
crawl up the net until the head became extended. Then, rigidity in 
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extension in the fore-legs occurred, and the animal remained immobile 
until gravity overcame its grasp on the wall of the cage and it toppled 
backward to the floor. Again, such an animal would right itself and 
sometimes would crawl and spring. Springing could be evoked by 
placing the animal in the position of sitting on its haunches, and by 
holding it up by the fore-legs and lowering it to its hind-legs. If it was 
placed on its abdomen and was pulled backward, it attempted to crawl 
forward. If it was placed on its side and the head was rotated passively 
with the occiput down, a marked rigidity in extension occurred in the 
fore-legs. This demonstrated an intact labyrinthine tonic reflex. If the 
head was turned chin to the floor, marked running movements and 
clawing occurred, and the animal would spring forward, right itself and 
crawl until it was directly on its abdomen. There it would rest, with 
tone apparently normally distributed. Tonic neck reflexes could be 
elicited. If the animal was suspended, marked running movements 
occurred, so wild at times that the hind-legs would be caught by the 
claws of the fore-paws. If, then, the head was passively extended, the 
fore-legs would extend, and a typical decerebrate rigidity with reflex 
standing would be produced. Withdrawal, crossed reflexes, clawing, 
sneezing, pinna reflexes and vibrissae reflexes were present. In both 
cases, an anatomically decerebrated animal was dealt with, which showed 
the recognized attitude of decerebrate rigidity in extension in the fore- 
legs ; at times, normally distributed tone; decerebrate rigidity in flexion 
in the fore-legs that appeared at times and was sustained, and spon- 
taneous crawling, springing and some righting movements. In the 
animals decerebrated by a high ligature of the basilar artery and occlu- 
sion of the carotid arteries, the superior part of the cerebellum was 
functionless, and in those in which a double ligature was applied, the 
inferior part of the cerebellum was functionless. It is apparent that 
decerebrate rigidity in extension or flexion and righting movements may 


occur whether either the superior or the inferior part of the cerebellum 
is functionless. 


INFLUENCE OF THE CEREBELLUM 


Several decerebello-cerebrate animals also were prepared by a high 
ligation of the basilar artery and ligature of the inferior cerebellar and 
carotid arteries. In these animals, the labyrinthine tonic reflexes were 
pronounced. The rigidity in extension of the fore-legs was marked 
when that pattern was released. Otherwise, the animal acted exactly as 
did an animal with the basilar artery ligated at a high level and with the 
carotid vessels occluded. 

In conformity with the work of others, these observations thus far 
showed that removal of the cerebellum had no effect on the development, 
degree and distribution of decerebrate rigidity. Acting as a whole, how- 
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ever, it inhibited the tonic labyrinthine reflexes and thus altered the 
degree of tone present. It was possible to remove the function of the 
cerebellum completely by coagulating or ligating the inferior cerebellar 
arteries, in addition to placing the customary tie on the basilar artery 
and ligating the carotids. Such a decerebro-cerebellate animal showed a 
continuous persistence of the rigidity produced by the anemic decerebra- 
tion. Labyrinthine and tonic neck reflexes were present. If the head 
of an ordinary decerebrate animal lying on its side was turned vertex 
down, an increase of tone in the outstretched extremities rather slowly 
and smoothly ensued until the optimum of extensor rigidity was pro- 
duced. If the head of a decerebro-cerebellate animal was turned vertex 
down, the fore-legs were thrust forward suddenly with great force and 
with unsheathing of the claws. The force of this tonic contraction was 
so great that often the whole body was displaced. Its sudden appear- 
ance was tetanic, startling and entirely dissimilar to anything observed 
in an ordinary decerebrate preparation. The rigidity in the extremities 
was so marked that passive flexion could be performed only by the 
greatest force. 


Immediately following removal of the cerebellum, the head assumed 
an attitude of extreme opisthotonos. If it was passively flexed the 
rigidity in the extremities, the fore-legs especially, diminished and a 
position of semiflexion was assumed. If the head was released, it 
slowly assumed the original position of opisthotonos with accompanying 
extreme extension of the fore-legs. If the animal was then turned on 
its back, the markedly retracted head rested on its frontal pole, and the 
chin was in a line extended from the neck. The animal could then 
be balanced in this position, which would be retained indefinitely. If 
placed upon its abdomen with the extended fore-legs hanging over the 
edge of the table, the marked retraction of the head persisted unchanged. 

The degree of opisthotonos in decerebro-cerebellate animals has 
never been observed by me in an ordinary decerebrate animal. It was 
not due to hemorrhage or injury to subtentorial structures, because, when 
the labyrinths were destroyed, the opisthotonos entirely disappeared. 
The tonic labyrinthine reflexes also were absent. It would seem, there- 
fore, that the cerebellum inhibits tonic labyrinthine reflexes which are 
responsible for the production of the marked increase in rigidity when 
the head is turned vertex down, and for the extreme opisthotonos. 


INFLUENCE OF SECTION OF THE DORSAL ROOTS 


Since it was considered that decerebrate rigidity was produced by a 
proprioceptive reflex stimulated by muscle stretching, it became neces- 
sary to section the dorsal roots to an extremity in an animal decerebrated 
by this method. It was found that though the posterior roots of one 
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fore-leg were cut, the extremity was held rigidily extended. Such ani- 
mals showed active and indefatigable tonic reflexes. 

From these experiments it was concluded that, although the stretch 
reflex produced a constant tone in the muscles and although this tone may 
be modified by labyrinthine and other reflexes, the labyrinthine tonic 
reflexes alone are sufficient to produce and maintain the same type of 
tone. Under certain conditions, the stretch reflexes do not produce 
decerebrate rigidity in extension until a labyrinthine tonic reflex is 
induced, and then probably both mechanisms are at work. In other 
words, various tonic reflexes alone can produce decerebrate rigidity. 
The exact distribution of tone into flexors or extensors depends on the 
combined or single activity of these reflex mechanisms. 


EXTENSIBILITY AND RESILIENCE OF MUSCLES OF DECEREBRATE 
ANIMALS 


Thus far it seemed clear that the tone of decerebrate rigidity was the 
result of contraction in the muscle due to certain reflex activities. It now 
seemed essential to attempt to examine more closely this property of 
tone in a decerebrate animal. 

One of the characteristics of decerebrate animals, although not 
peculiar to them alone, is the exhibition of “lengthening and shortening”’ 
reactions. These reactions, which have been described in numerous 
contributions by Sherrington, Brown and others, are well known. When 
one attempts to flex forcibly the hind-leg of a suspended decerebrate 
animal, the extensor muscles resist the movement with considerable 
force. Continued pressure is followed by sudden relaxation and flexion 
at the knee. When the leg is released, the extremity remains flexed at 
approximately the angle to which it had been moved. This is the length- 
ening reaction. If the leg is passively extended, the quadriceps remains 
at that length to which passive extension of the leg brings it. This is 
the shortening reaction. These reactions make the extremities seem 
plastic or moldable. ‘To this plastic quality has been attributed the fixing 
function of the muscle, and its origin is now somewhat controversial. 
Sherrington and his school believed that both these reactions are reflex 


in character, the lengthening due to reflex inhibition, the shortening to 
the stretch reflex. 


The conception that plastic tone is effected by the sympathetic 
nervous system has had little sound experimental or clinical support. 

Ranson believed that the theory of Trzecieski and that of Frank of 
the antidromic conduction of special tonic impulses in the dorsal root 
have much in their favor. The plastic factor in decerebrate rigidity 
which is responsible for the uniform stiffness and which causes a limb 
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to take and retain a passively imposed position would be lost by section 
of a posterior root. He noted the argument of Spiegel that the presence 
of tonic neck and labyrinthine reflexes in a deafferented limb invalidates 
the theory of the antidromic conduction of tonic impulses in the dorsal 
roots. 

My experiments would seem to show that section of the dorsal roots 
does not affect the steadiness and indefatigability of the tonic neck and 
labyrinthine reflexes. If such a difference existed, it was believed that 
it could not be detected in any gross manner, and so the individual mus- 
cles were subjected to more careful scrutiny. 


Pollock and I found that if we intoned a muscle of a decerebrate 
animal by evoking a tonic labyrinthine reflex, then stretched it by a 
gradually increasing force and, finally, gradually diminished the stretch- 
ing force, the muscle failed to shorten with decrease of the pull. On 
the contrary, the muscle continued to lengthen; we described this as the 
muscle having been “pulled out.” Then the muscle was first stretched, 
and at the height of the stretching force, a tonic labyrinthine reflex was 
produced. Under such a condition, the muscle shortened with decrease 
in the pulling force. On the other hand, if, under similar conditions, 
the muscle was stretched further at the time the tonic reflex was evoked, 
it failed to shorten with decrease in the pull and again remained “pulled 
out.” We did not believe that these facts were due to diminished 
elasticity, nor did we feel that they were due to inhibition. Under the 
latter condition, lengthening of the muscle would be graded to the 
stretching force, and although this might not have been true of shorten- 
ing, nevertheless, the muscle would not continue to lengthen as the 
stretching force decreased. It seemed most likely that the elongation of 
the muscle was due to a change in its physical properties which was 
produced by the tonic reflex. Dr. W. T. Bovie suggested to us that it 
was as if an elastic muscle were turned to a substance like gum, which 
is turned back into a substance like rubber at the first reflex activity. 
This property of being pulled out was present in deafferented muscles 
as well as in intact ones. Shortening, however, was found to be 
dependent on the integrity of the posterior roots. 


Further confirmation of these facts was obtained by another type 
of experiment. If a muscle of a decerebrate animal intoned by a tonic 
reflex could be pulled out, we felt that it could be compressed by a force 
and that the indentation resulting would remain. Such proved to be 
the case, and the analogy between such a muscle and a gum was even 
more apparent. On the other hand, such an indentation produced in a 
normal muscle did not remain, and the muscle immediately regained its 
normal contour. We did not observe any difference between a normal 
muscle and one to which the posterior root supply had been cut. Section 
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of the posterior roots in a decerebrate animal had no effect on the 


indentation deformity produced when such a muscle had been intoned 
by a tonic reflex. 


SUMMARY 


1. The pattern of rigidity following decerebration depends on the 
level of section of the brain stem and on the influence of other reflex 
activities. 

2. The pattern and degree of rigidity in a decerebrate animal are not 
changed by removal of the cerebellum. 


3. Lasting patterns of rigidity in flexion occur in decerebrate ani- 
mals in which the labyrinth has been destroyed, and are unchanged by 
removal of the cerebellum. 


4. Coexisting normally distributed tone, patterns of rigidity in exten- 
sion and flexion, crawling, climbing and springing are produced in ani- 
mals in which a segment of the basilar artery has been isolated between 
two ligatures some distance apart, and in animals decerebrated at a 
relatively high level. Removal of the cerebellum does not affect the 
pattern or degree of these activities. 

5. The cerebellum as a whole inhibits, in a general way, the tonic 
labyrinthine reflexes. 

6. Removal of the cerebellum permits the regular and forceful 
occurrence of rhythmic reflexes in a decerebrate animal. 


7. Tonic labyrinthine reflexes produce a change in the physical 
property of muscle which permits it to be purely mechanically stretched 
while other reflex adaptations occur. 


8. Muscle tone may be produced by reflexes other than stretching. 
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SEPARATION OF GROWTH-PROMOTING HORMONE 
FROM THAT INDUCING PREMATURE ESTRUS 
IN THE ANTERIOR PITUITARY GLAND * 


TRACY JACKSON PUTNAM 


It is difficult to begin any article on the pituitary gland without a 
reference to the work of Harvey Cushing, who, directly through his 
own work and indirectly through the enthusiasm which he has inspired 
in his pupils, has done more than any other man to unravel that small 
organ’s secrets. As regards the anterior lobe, it was he who first showed 
clearly that its subtotal removal led to a cessation of growth in young 
animals and an atrophy of the genitalia in mature ones.’. His results 
were strikingly confirmed and extended by Aschner,’? Blair Bell * and 
others, and most recently by Smith,‘ whose studies of the results of 
hypophysectomy in the rat leave little work for future investigators in 
this field. They have been confirmed by unpublished experiments, both 
in dogs and in rats, in the Surgical Research Laboratory. 


ACCELERATION OF GROWTH BY ADMINISTRATION OF 
ANTERIOR PITUITARY 


Definite changes from administration of an excess of anterior lobe 
secretion were first brought about by Evans and Long, in 1921.5 These 
investigators showed that a condition of gigantism could be produced 
in rats by the daily intraperitoneal injection of an unsterile aqueous 
(saline) emulsion of anterior pituitary substance from cattle. The 
most striking qualitative change was the appearance of numerous corpora 
lutea in the ovaries, still containing imprisoned ova. Even if injections 
were begun before sexual maturity in females, corpora were formed 
(Teel®) and ovulation failed to occur. In adults, it was inhibited. 


* From the Surgical Research Laboratory, Harvard Medical School. 

1. Crowe, S. J.; Cushing, H., and Homans, J.: Experimental Hypo- 
physectomy, Bull. Johns Hopkins Hosp. 241:127, 1910. 

2. Aschner, B.: Ueber die Funktion des Hypophyse, Arch. f. d. ges. Physiol. 
146:1, 1912. 


3. Bell, B.: The Pituitary, New York, William Wood & Company, 1919, 
p. 329. 

4. Smith, P. E.: The Disabilities Caused by Hypophysectomy and Their 
Repair, J. A. M. A. 88:158, 1927. 

5. Evans, H. M., and Long, J. A.: The Effect of the Anterior Lobe Adminis- 
tered Intraperitoneally upon Growth, Maturity and Oestrus Cycles of the Rat, 
Anat. Record 21:62, 1921. 

6. Teel, H. M.: The Effects of Injecting Anterior Hypophyseal Fluid on the 
Production of Placentomata in Rats, Am. J. Physiol. 79:184, 1926. 
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The fertility of males. was decreased.*. Apparently the growth-promot- 
ing substance is destroyed by precipitating the protein with alcohol, but 
an estrus-inhibiting substance remains.* 

At Dr. Cushing’s instance, these experiments have been repeated and 
the results confirmed in this laboratory. By the use of an alkaline 
extract produced on a large scale and sterilized by filtration (a possibility 
suggested by Evans ®), it has been possible to extend the experiment to 
dogs, and to bring about changes that may justifiably be termed acro- 
megalic.'*° Dogs that receive injections increase in weight, and develop 
enlargement of the acral parts, polyphagia, asthenia, sialorrhea and 
spontaneous lactation. Estrus fails to appear. At autopsy, a skeletal 
overgrowth with hyperostoses is found, and a general splanchomegaly. 
The thyroid is hyperplastic, and there are adenomas of the suprarenal 
gland. The most striking change is an enlargement of the entire genital 
tract, especially the uterus and vagina. The ovaries contain many ripe 
but unruptured ova, often within small cysts, but (unlike the injected 
rats’ ovaries) no lutein tissue. The microscopic picture is much more 
like that seen in human acromegaly, which has recently been reviewed 
by Cushing and Davidoff." 

In experiments which are still in progress, it has been impossible to 
confirm the separation of growth-promoting and lutein-tissue-producing 
substance. If one is destroyed by precipitation, the other is also. 
Further, inhibition of estrus may be produced by various nonspecific 
irritating substances. 


INDUCTION OF PREMATURE ESTRUS BY ANTERIOR PITUITARY 
IMPLANTATION 


An entirely different series of phenomena as a result of administra- 
tion of excess of anterior lobe material was demonstrated by Smith in 
1926.** By the daily transplantation of fresh anterior lobe material into 
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8. Flower, L. F.; Forkner, C. E.; Kellam, W. E.; Walker, A. T.; Smith, 
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25:107, 1923. 

9. Evans, H. M.: The Function of the Anterior Hypophysis, Harvey Lec- 
ture, Philadelphia, J. B. Lippincott & Company, 1924. 

10. Putnam, T. J.; Benedict, E. B., and Tell, H. M.; Studies in Acromegaly : 
VIII. Experimental Canine Acromegaly Produced by Injection of Anterior Lobe 
Pituitary Extract, which follows this article. 

11. Cushing, H., and Davidoff, L. M.: The Pathological Findings in Four 
Autopsied Cases of Acromegaly, with a Discussion of Their Significance, Mono- 
graphs of the Rockefeller Inst. 22:1, 1927. 

12. Smith, P. E.: Hastening Development of Female Genital System by Daily 
Homoplastic Pituitary Transplants, Proc. Soc. Exper. Biol. & Med. 24:131, 1926; 
The Induction of Precocious Sexual Maturity by Pituitary Homotransplants, 
Am. J. Physiol. 80:114, 1927. 
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immature female rats, he was able to bring about ovulation, opening of 
the vagina and typical estrus. An almost identical experiment was per- 
formed independently by Zondek and Aschheim** on the immature 
female mouse. They were able to bring on ovulation and estrus within 
100 hours by a single implantation. A similar change is brought about 
by the injection of urine from pregnant women, and these authors 
suggest that it might be used as a test for pregnancy.** They draw 
a sharp distinction between the effect of the pituitary and that of the 
ovarian hormone. The former produces estrus only when the ovary 
is present; the latter produces estrus in the spayed animal as well. 
“The hypophysis is the motor of the ovary, the ovary the motor of the 
uterus.” A detailed account of the relationship between the hypophysis 
and the genital tract is given by Smith and Engle.*® 

Transplantation of fresh and old anterior lobe material into rats has 
also been performed in this laboratory with results which confirm 
those of Smith and Zondek and Aschheim. Estrus is produced within 
three to five days by a single intraperitoneal implant into an immature 
mouse, and after a somewhat longer interval (from four to ten days) 
in the immature rat. Thus the mouse constitutes a more delicate test 
object. On the other hand, rats are 





in this laboratory at least— 
somewhat easier to work with and more standardized, and most of the 
work has been done with them. Estrus is also produced more surely 
by a single transplant as the normal time of maturity is approached. 
Glands may be kept for some hours, at least, without impairment of 
their activity. Beef glands appear to be less effective and less well 
tolerated than homotransplants, but estrus has been produced in mice 
with them. Estrus is not produced in spayed animals, young or old, 
even by repeated large transplants. An important point in connection 
with the subject of the present paper is that daily transplants into a 
normal rat do not bring about increased rate of growth. 


REPLACEMENT THERAPY IN HYPOPHYSECTOMIZED ANIMALS 


So far, Smith is the only investigator who has published definite 
results from substitution therapy. He found that growth could be 
restored by the injection of an extract made according to Evans’ method, 
but that the genital atrophy persisted. Normal development of the 


13. Zondek, B., and Aschheim, S.: Das Hormone des Hypophysenvorderlap- 
pens, Klin. Wchnschr. 6:248, 1927. 

14. Aschheim, I. S., and Zondek, B.: Schwangerschaftsdiagnose aus dem Harn 
durch Nachweis des Hypophysenvorderlappenshormons, Klin. Wehnschr. 7:1404, 
1928. 

15. Smith, P. E., and Engle, E. T.: Experimental Evidence Regarding the 
Role of the Anterior Pituitary in the Development and Regulation of the Genital 
System, Am. J. Anat. 40:159, 1927. 
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genitalia as well as normal growth followed the daily homotrans- 
plantation of fresh anterior lobe, however. With Foster,’® he also 
describes the effect of hypophysectomy on basal metabolism in rats. 
Metabolism remains at a normal rate following removal of the posterior 
lobe alone, but falls to a low level following ablation of both lobes. 
It is restored by administration of anterior lobe substance. The normal 
rise in metabolic rate following injection of glycine is prevented by 
removal of either the posterior lobe or of the whole gland. In the 
former case, administration of posterior lobe extract restores it; in the 
latter case, administration of both anterior and posterior lobe material 
is required. Neither growth nor estrus is produced by oral administra- 
tion of large amounts of fresh beef gland substance.** 

As these experiments gave some promise of furnishing a more 
satisfactory method of essaying aqueous anterior lobe extracts than 
that afforded by the growth of normal animals that are given injections 
of it, the experiments were repeated in some detail. I have performed 
several hundred hypophysectomies in rats, using a technic similar to 
Smith’s. By a slight modification, it was possible to remove the 
anterior lobe alone. But animals prepared in this way were indis- 
tinguishable from those in which a total extirpation had been performed. 

As a method of testing anterior lobe extract, the experiment proved 
rather disappointing. If a given extract produces growth in an animal 
known to be completely hypophysectomized, it may be considered active. 
But it is not easy to be sure that the operation is complete ; and, on the 
other hand, those animals in which it is complete are extremely delicate, 
and may die after a few injections. 

Determinations of oxygen-consumption were also performed. The 
apparatus used was a miniature Benedict apparatus immersed in a 
waterbath. Continuous graphic records were taken for an hour or more 
at a time, and fifteen minute periods free from movement were later 
laid out on them. Consistent values were obtained when readings were 
taken consecutively, but variations of from 10 to 20 per cent were not 
uncommon in the same rat from day to day, allowance being made of 
course for temperature and barometric changes. In view of this fact, 
only the most definite and constant changes, frequently corroborated, 
can be accepted as significant. 

The decrease in metabolic rate following complete hypophysectomy 
or removal of the anterior lobe is striking, as noted by Foster and 
Smith.’° The metabolic rate slowly declines to less than half its previous 


16. Foster, G. L., and Smith, P. E.: Hypophysectomy and Replacement Therapy 
in Relation to Basal Metabolism and Specific Dynamic Action in the Rat, J. A. 
M. A. 57:2151 (Dec. 25) 1926. 

17. Smith, P. E.: The Experimental Feeding of Fresh Anterior Lobe Pituitary 
Substance to the Hypophysectomized Rat, Am. J. Physiol. 81:6, 1927. 
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value in the course of two weeks. Instead of a rise in the metabolic 
rate following the injection of glycine solution in the doses recom- 
mended, there is a progressive fall. In all of my experiments, the 
decrease in rate continued until the death of the animal from six to 
twelve hours later. A decrease in rate may be made out in the data 
given by the authors cited, but they make no mention of its fatal results. 

I have not succeeded in producing any striking rise in metabolic 
rate in hypophysectomized rats by the administration of either filtered 
or unfiltered anterior lobe extract This is another respect in which 
the effects of the extract differ from those of anterior lobe transplanta- 
tion, as reported by Foster and Smith It may be mentioned in passing 
that no definite increase in rate could be made out in normal rats at 
various intervals following the injection of extract and no decrease in 
gigantic animals when injections were omitted. 

Hyperglycemia and Glycosuria——These manifestations are reported 
by Johns, O’Mulvenny, Potts and Laughton ** following injection of 
protein-free extracts of beef anterior lobes into dogs. I have con- 
sistently found normal blood sugar values on the various occasions on 


which I have determined it in dogs and rats. Glycosuria has not been 
demonstrated. 


The Effect of Lipoid Extracts in Spayed Animals.—Brouha,’® work- 
ing in Evans’ laboratory, found that acetone extracts of beef anterior 
lobe brought on estrus in spayed animals, as well as in normal 
immature females. In this he is corroborated by Fellner 2° who 
apparently believes that the estrus-producing hormone in the anterior 
pituitary is identical with that of the ovary, which, as is well recog- 
nized, may occur in various other tissues, as for example, fish roe and 
semen. Neither of these authors stated whether the ovaries of the rats 
thus treated exhibited the histologic changes typical of animals into 
which the fresh gland has been transplanted. 

I have endeavored to reproduce these results without success. Bvy 
extracting fresh glands with 5 or 10 volumes of acetone (Merck’s 
chemically pure), and evaporating in a current of warm air, a yellow 
grease is obtained. This was implanted directly into the peritoneal 
cavity of some rats, in amounts of about 0.5 Gm., and 1 cc. of a 
saturated solution of it in olive oil was injected into others daily for a 
week. Glands were also extracted with boiling alcohol, ether and 


18. Johns, W. S.; O’Mulvenny, T. O.; Potts, E. B., and Laughton, N. B.: 
Studies on the Anterior Lobe of the Pituitary Body, Am. J. Physiol. 80:100, 1927. 

19. Brouha, L., and Simonnet, H.: L’hypophyse et la sécrétion interne de 
l’ovaire, Bruxelles méd. 7:1194, 1927. 

20. Fellner, D. D.: Ueber die Hypophysenvorderlappenhormon und die Spezi- 
fizitaet des Feminin, Zentralbl. f. Gynak. 51:3230, 1927. 
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acetone in succession, and the extract at each stage injected into both 
immature (from twenty-five to thirty days) female rats and spayed 
adults. None of the maneuvers produced estrus as shown by the 
vaginal smear, or a change in the internal genitalia at autopsy. 

The Effect of Implantation of the Residue Left After Aqueous and 
Acetone Extraction—As a control experiment to the implantation of 
the semisolid grease obtained by acetone extraction, some of the tobacco- 
dustlike gland residue was inserted into the peritoneal cavity of an 
immature female rat. Much to my surprise, this control was the only 
one which showed premature opening of the vagina and cornified cells 
in the smear. This occurred on the fourth day after implantation. At 
autopsy, the ovaries were found to be enlarged and to contain hemor- 
rhagic spots, and the uterus was thickened and distended, exactly as 
after gland-transplantation. The experiment was repeated on three 
other immature rats, with the production of estrus on the fourth and 
fifth days. In one mouse weighing 8 Gm., estrus was produced the 
day follewing the injection, in another weighing 7 Gm. on the fourth day. 

Sir - the aqueous extract containing the growth-promoting principle 
does not produce premature estrus, the next obvious step was to see 
whether the residue left from its preparation showed any activity after 
drying with acetone. The same results were obtained. The residue 
remains active after extraction with alcohol and ether also. 


PREPARATION OF MATERIAL 


The preparation and properties of the material now in use is as 
follows: 


Fresh or frozen pituitary glands are received from the slaughter-house, and the 
anterior lobes are dissected out and ground fine in a meat-chopper. They are 
extracted with 4 volumes of weak alkali (0.8 per cent Na:COs is being used at 
present), and the filtrate is put through the steps previously described to make the 
growth-producing extract. 

The residue is washed with about 10 more volumes of dilute alkali, being 
thoroughly stirred meanwhile; then with several volumes of tap water. It is 
drained and pressed between filter-papers and extracted with about 4 volumes of 
95 per cent alcohol. The alcohol may be heated to boiling. The residue is par- 
tially dried, and ether is poured over it on a filter-paper. Finally, it is thoroughly 
soaked in several volumes of acetone, dried on filter paper and puverized in a 
mortar. It may be sterilized by soaking in alcohol, but for use with rats and mice 
this is not necessary. 

As a test-object, female rats or mice are taken a few days after weaning. 
Younger animals are more difficult to bring into estrus, and also survive the rather 
heroic treatment less well. 

The animal is etherized, the abdomen smeared with antiseptic ointment and a 
median incision about 1 cm. long is carried through into the peritoneal cavity. 
(Asepsis is unnecessary with small rodents.) Through this, from 0.1 to 0.2 Gm. 
of the dried residue is introduced—about as much as is taken up by a pair of 
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forceps. The wound is closed in two layers with one or two stitches in each, and 
the animal released. 

The vagina is examined daily. Premature opening and a cornified smear are 
reliable signs of the activity of the material implanted. Sometimes the cornified 
stage is missed, however, and in any case the most definite evidence of estrus is 
furnished by the typical appearance of the ovaries and uterus at autopsy (fig. 1) as 
described by Smith. Sometimes, in the case of rats less than 30 days old, a second 
implant is required from three to four days after. the first, to bring about estrus. 
About 10 per cent of the animals die of intestinal obstruction. 


As control experiments, the alkaline, acid, alcoholic and acetone 
extracts have been implanted or injected, in single doses and repeatedly, 
without producing estrus. On the ground that the effect might be due 











Uteri and ovaries of littermate rats, 32 days old. The animal whose genital 
tract is shown at the left had received an intraperitoneal implantation of anterior 
pituitary residue (seen in the inflammatory mass below) five days previously. The 
control animal (genital tract shown at right) had received a drop of oleic acid 
intraperitoneally at the same time. 


to simple mechanical or chemical irritation, small quantities of sand, 
sawdust and oleic acid have been implanted, also with negative results. 

I have failed to produce estrus in spayed animals by use of the 
acetone residue. 


IS THERE MORE THAN ONE HORMONE IN THE 
ANTERIOR PITUITARY? 


Certainly parenteral administration of anterior lobe substance brings 
about several different effects which are difficult to reduce to a common 
denominator—for example, the lactation in a virgin dog, the formation 
of osteophytes and the appearance of adenomas in the suprarenal 
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following repeated injections of filtered aqueous extract. It is tempt- 
ing to believe that each of these actions may be due to a separate 
chemical substance, but at present no proof is at hand. 

It is more profitable to approach the question from the standpoint 
of the physical and chemical properties of the material employed. 
There seems to be evidence that injection of an (alkaline) aqueous 
extract of beef anterior lobe brings about results which are different 
from those following implantation of the insoluble residue. The former 
causes chiefly growth of mesodermal tissues, and the formation of 
corpora lutea, rather than ovulation. The latter stimulates the growth 
of ova and produces premature estrus. It seems justifiable to draw 
the tentative conclusion that these two general effects at least are due to 
two different chemical substances. 

Such a conclusion cannot yet be considered final. At least one 
hormone—the estrus-producing principle of the ovary—is recognized 
to exist in a water-soluble as well as a lipoid-soluble form. It is con- 
ceivable that extraction with even large amounts of fluid fails to remove 
all of the hormone (supposing for the moment there is only one) and 
that the residue contains some of it in an insoluble form. Possibly the 
difference in effect of the two materials is due to a difference in amount 
or rate of absorption of the same substance. The aqueous extract may 
contain a much greater amount of it, and the formation of corpora 
which prevent ovulation may be a later stage of the stimulation of 
growth of ova. One should then have to suppose that the estrus- 
producing substance demonstrated in the urine of pregnant women by 
Zondek and Aschheim is still a third chemical individual. 

So far, however, variations of dosage of either the aqueous extract 
or the residue respectively have failed to elicit the response character- 
istic of the other substance. Moreover, even if one substance may be 
converted into another—as for example, mild mercuric chloride into 
corrosive sublimate—it is still well to draw a distinction between them 
if they exhibit different biologic properties. 





CONCLUSIONS 


1. The residue left after extraction of beef anterior pituitary glands 
with mild alkalis, acids, alcohol and acetone is capable of producing 
premature estrus when implanted intraperitoneally in young rats or mice. 

2. This effect is apparently identical with that produced by homo- 


transplants of rat anterior lobes into immature females, as observed by 
Smith and others. 


3. The effect appears to be distinct from that brought about by 
(alkaline) aqueous extracts from the same glands. 
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4. It seems probable, therefore, that there are at least two chemically 


distinct hormones in the anterior pituitary, which may be separated in 
the manner indicated. 


Notre.—A few days after this paper was sent to the printer the article by 
Evans and Simpson (Antagonism of Growth and Sex Hormones of the Anterior 
Hypophysis, J. A. M. A. 91:1338 [Nov. 3] 1928) appeared, which not only antici- 
pates but amplifies the present paper. 

Still more recently, Mr. Harold Teel called my attention to an article by Spaul 
(Experiments on the Localization of the Substances in Pituitary Extracts Respon- 
sible for Metamorphic and Pigmentary Changes in Amphibia, Brit. J. Exper. Biol. 
2:427, 1925). I have found that an acid extract made according to his procedure 
produces estrus in immature rats also. Many discrepancies are thus explained. 


Dr. Edward B. Benedict and Mr. Harold Teel have allowed me to use some of 
their observations, which are published here for the first time. 











STUDIES IN ACROMEGALY 


VIII. EXPERIMENTAL CANINE ACROMEGALY PRODUCED BY INJECTION 
OF ANTERIOR LOBE PITUITARY EXTRACT * 


TRACY J. PUTNAM, 
EDWARD B. BENEDICT 


AND 


HAROLD M. TEEL 


The possibility that the peculiar and distinctive disorders, acromegaly 
and acromegalic gigantism, were due to overactivity of the anterior lobe 
of the pituitary body has been suspected for many years. Although other 
data were not lacking to confirm the suggestion, it may be said that the 
possibility was first transformed into a probability by the production of 
gigantism in rats by injections of an emulsion of the anterior lobes of 
beef hypophyses by Evans and Long.’ Their prodigious animals could 
not actually be considered acromegalic, however. They underwent a 
general proportionate enlargement, but aside from a peculiar change in 
the ovaries they showed no qualitative structural alteration. The absence 
of the specific enlargement of the “acral parts,” which gives the disease 
its name, might be attributed to the fact that in the rat the bony epiphyses 
never unite. It obviously became desirable to extend the experiment 
to larger animals in which the epiphyses become closed. 

This became feasible only when large quantities of a stable, sterile 
anterior lobe extract were available. The preparation of such a material 
was described in an earlier article.2 Several modifications in the method 
of extraction have been made since the experiment was begun,* but 
they need not concern us here. Dogs were chosen as suitable experi- 
mental animals.* 

REPORT OF EXPERIMENT 

Two pedigreed thoroughbred English bulldogs, female littermates, aged 4 weeks, 
were received on March 1, 1927. They were observed in the laboratory for three 
weeks, and were found to grow and behave as normal puppies should. 


*From the Laboratory of Surgical Research, Harvard Medical School, and 
the Surgical Laboratory of the Peter Bent Brigham Hospital, Boston. 

1. Evans, H. M., and Long, J. A.: The Effect of the Anterior Lobe Admin- 
istered Intraperitoneally Upon Growth, Maturity, and Oestrus Cycles of the Rat, 
Anat. Rec. 21:62, 1921. 

2. Putnam, T. J.; Teel, H. M., and Benedict, E. B.: The Preparation of a 
Sterile Active Extract from the Anterior Lobe of the Hypophysis, Am. J. Physiol. 
84:157, 1928. 


3. Parke, Davis and Company have cooperated with us since January, 1928, 
in the preparation of this extract. 
4. Autopsies performed on four other dogs and their controls which had 


received injections for from two to four months showed similar, but less marked, 
changes. 

















Fig. 1.—Littermate bulldogs on July 15, 1928, three months after the beginning 
of the experiment. The treated animal (right) was already slightly larger than 
the control. Note enlargement of the tongue and paws. 
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Fig. 2.—Chart of growth of the two animals. Weight, in kilograms, plotted at 
fortnightly intervals. The broken line indicates the control; the continuous line, 
the experimental animal. 
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Fig. 3—March 21: The experimental animal is on the right. Note the sinking 
of the spine between the shoulders, the enlargement of the head and tongue and 
the excessive wrinkling of the skin. 














Fig. 4—March 21: Experimental animal (right), showing pendulous abdomen, 
enlarged teats, thick extremities and weakness of the hind legs. 
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On April 7, the animals weighed 4.87 and 5 Kg., respectively. Beginning on 
this date, daily intraperitoneal injections of sterile anterior lobe extract were given 
to the smaller of the two dogs. The heavier puppy was reserved as a control. 

At first, a dose of 10 cc. daily was used. The puppy made little objection to 
the insertion of the needle, but frequently vomited after the injection. As famili- 














= 





Fig. 5—March 21: Experimental animal, showing relaxed position, extended 
tongue, enlargement of the extremities and abdomen and wrinkled skin. 




















Fig. 6—March 21: The vulvae, tails and hind legs of the two animals, held 


head down. The treated dog (right) showing large pendulous vagina and enlarge- 
ment and laxity of the hind legs. 


arity with methods of preparing and handling the fluid was gained, disturbances 
of this sort occurred less and less frequently. at 

By May 1, it became apparent that the dog which received the injections was 
growing faster than the control. From that time on, there was an increasing 











Fig. 7—March 21: Enlargement of the teats of the experimental animal, from 
which colostrum could be squeezed. The legs and paws are noticeably enlarged. 








Fig. 8—May 30: Ventral view of the experimental animal. The laxity of the 
skin and the development of the udders is even more pronounced. 
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Fig. 9—May 30: Experimental animal, showing plantigrade gait, sunken head 
and protruding tongue. 
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difference between their respective weights (fig. 1). The dose was increased on 
May 8 to 20 cc., which again caused vomiting for a few days. A sort of tolerance 
seemed to establish itself later, and except for the slightly increased rate of growth, 
there was little difference between the dogs in appearance or behavior. 

On June 14, measurements of the two animals were made, as shown in table 1. 

On July 6, the fasting blood sugar was found to be 89 mg. for the control and 
80 mg. for the animal given injections. Single specimens of urine contained no 
sugar. 

From July 3 to 25, both dogs suffered from an epidemic infection of the upper 
respiratory tract, and both remained practically stationary in weight throughout 
the month. On July 27, the dose was increased from 20 to 30 cc. There was still 
no immediate gain in weight, perhaps because of the excessively warm weather 
which prevailed. 


TABLE 1.—Measurements of Animals Used in Experiment 


Greatest Diameter Diameter of Olecranon to Tip 
Animal of Head, Cm. Snout, Cm. Chest, Cm. of Toe, Cm. 
Experimental.. coal ie 38 29 52 26 
Citas ce disveks 34 22 49 25 


TasLe 2.—Chemical Analysis of the Blood * 


Whole 
Non- Blood Aeid Plasma Acid 
pro- Inor- Sol- Inor- Sol- Serum 


Whole tein Serum ganic uble Total ganic uble Total Total 
Blood Nitro- Cal- Phos- Phos- Phos- Phos- Phos- Phos- Phos- Hema- 


Animal Sugar gen cium phorus phorus phorus phorus phorus phorus phorus tocrit 
Experimental.... 98 23.2 12.8 5.0 27.5 44.7 5.7 10.3 26.3 28.2 36 
Control.....5-.. B 3.8 11.7 4.5 28.0 44.0 5.2 8.4 23.1 24.4 37 


* Caleium determinations were: made by Collip’s method, phosphorus determinations by 
Fiske and Subbarrow’s method. 


Qualitative structural differences began to be noticed about this time. The 
lower-jaw of the animal which-was given the injections was perceptibly longer than 
that of the control. The tongue was larger, even in proportion to the generally 
increased size. The experimental animal stood higher than its control. X-ray 
pictures taken on July 20 showed that its skull was larger, and that its long bones 
were longer and heavier than those of the control animal. There appeared to be 
no particular change in the epiphyses. 

In August, 1927, a definite difference in behavior appeared. The animal receiv- 
ing the injections became weak and languid, and could scarcely be persuaded to 
leave its favorite corner. Its muscular movements were so poorly controlled that 
it would often fall in trying to jump from a chair. This general weakness steadily 
progressed. Meanwhile, rapid growth also continued. The appetite became notice- 
ably greater. 


By October, 1927, this sluggishness was still more striking. In walking, the 
forepaw as far back as the hock rested on the ground. The animal was planti- 
grade rather than digitigrade. The claws became long and curved, perhaps from 
lack of wear. Owing to the laxity of musculature, the spine sank between the 
scapulas, and the experimental animal, though much heavier, stood less high than 
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its control. A prolapse of the vagina became noticeable, but there was no dis- 
charge from it. A stubborn diarrhea developed. The abdomen became large and 
pendulous. 

The sudden loss of weight in both animals, recorded on November 16, was 
never satisfactorily accounted for. 

On December 4, chemical analyses of the blood (fasting) gave results as shown 
in table 2, expressed in milligrams per hundred cubic centimeters. 

The differences were not sufficiently striking to encourage further determina- 
tions at this time. 

On December 8, measurements of the animals were again made as shown in 
table 3. 

About December 14, both animals again contracted an epidemic infection of 
the respiratory and gastro-intestinal tracts lasting for several weeks and causing 
a loss of weight of about 5 Kg. in the animal receiving the injections (fig. 2). 


TABLE 3.—Measurements of the Animals 











Greatest Diam- Diameter Olecranon to Occiput to 
eter of Head, of Snout, Chest, Tip of Toe, Coccyx, 
Animal Cm. Cm. Cm. Cm. Cm. 
Experimental........... 49 26 64 30 73 
RRR 2.7 41 24 60 27 64 


TaBLeE 4.—The Weight of the Organs in the Animals 











Experimental Control 

Animal, Animal, 
Organ Gm, Gm. 

Cadaver... 44.0 (Kg.) 23.5 (Kg.) 

Thyroid 10.0 1.7 
Heart 380.0 170.0 
it cictteectes ot ‘ P 540.0 160.0 
bet ahvetceds.dubds 2,200.0 645.0 
Spleen 43.0 38.0 
Se  tatttt ai. ath 4 Ueetin adi te pda eh 0 Oc aab ae aaeetad 128.0 48.0 
iat Beaton ng cedis ct cégekelds cb0ueacb uve 304.0 125.0 
DCR HUMES CRORE nS o.oo din ccc. cccgeects cones 3.4 2.3 
RRS Ee Ee ey 32.0 8.0 
Be eiisiadtr 6 6b8s6 Kade 6e54p hens Mb eh<ésdccisenue 112.0 95.0 

III Sinn Grabcsveal<diiusscessaebieseocen 0.13 0.13 








When both animals had fully recovered, the daily dose was increased to 50 cc. 
(Jan. 30, 1928). The sudden increase in weight which ensued is doubtless to be 
attributed largely to the improvement in the animal’s general condition. 

On March 7, 1928, it was found possible to squeeze colostrum (verified micro- 
scopically) from the udders of the experimental animal which had reached an abnor- 
mally large size (figs. 7 and 8). At this time, the teats of the control animal 
were barely visible. The udders of the experimental animal ceased to secrete 
toward the end of May, but they continued to be larger than those of the control, 
in spite of the fact that the latter developed the normal pubertal hypertrophy. 

The control animal went into heat in April. The animal that was given injec- 
tions never went into heat, although the prolapse of the vagina became enormous, 
a cuff about 5 by 6 cm. which occasionally dragged on the ground (figs. 6 and 8). 

From April 18 to May 23, neither animal gained appreciably in weight, 
although the qualitative changes in the experimental animal constantly grew more 
pronounced. Accordingly, the daily dose was increased to 75 cc. of extract on the 
latter date. At about this time, a small fibroma appeared in the epigastrium. 
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June 14 was an unusually warm day. The experimental animal appeared as 
usual in the morning, and was let out on the roof with the other dogs. Toward 
the end of the afternoon, it was found lying dead in the sunshine. The other 
animals did not appear adversely affected by the heat. 


Autopsy.—An autopsy was performed immediately. The cadaver weighed 44 
Kg. The body was still warm; indeed, there seemed to be a postmortem hyper- 
thermia. The epidermis peeled off in large patches, as if sunburned. 

The control animal was killed by etherization on the following day. The 
cadaver weighed 23.3 Kg. An equally complete autopsy was performed, which 
revealed no abnormalities. The respective observations in the two animals are 











Fig. 10.—Tongues and tonsils: experimental animal, right; control, left. Note 
the spreading apart of the papillae at the base in the larger specimen; K ™%. 








described together. A comparison of the weights of the various organs and bones 
is given in table 1. 

Whereas the control animal had a normal panniculus, in the dog which was 
given the injections there was an almost complete absence of subcutaneous and 
omental fat; only a few brownish shreds appeared here and there. The muscula- 
ture was disproportionately small and soft, and the voluntary muscles were a dull 
grayish red, contrasting with the bright red, heavy muscles of the control animal. 
There was a great engorgement of vessels everywhere in the experimental dog. 
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In neither animal was there free fluid or adhesions in the abdomen or pleura. 
The tongue of the experimental animal was greatly enlargd (fig. 10). 

The thyroid of the treated animal appeared much enlarged and more deeply 
colored than that of the control; that of the experimental animal weighed 10 Gm. 
and that of the control, 1.7 Gm. No thymus tissue could be identified in gross 
section in either animal. 

The weight of the heart of the experimental animal was double that of the 
other (fig. 11), and its myocardium was soft and grayish, like the voluntary mus- 
culature. It weighed 380 Gm.; that of the control animal, 170 Gm. The lungs 
were engorged, purple and soft, but not crepitant; they sank in water. Pink foam 
could be squeezed from the bronchi and from the cut surface. In the control 
animal, the lungs were pink, dry and crepitant. There were no areas of consolida- 
tion in either animal. In the experimental animal, the lungs weighed 545 Gm.; in 
the control animal, 160 Gm. 











Fig. 11—Hearts; the enlargement is most noticeable in the ventricle of the 
animal which received the injections (left); «x ™. 


The liver of the larger animal was enormous (fig. 12). It contained an excess 
of blood, but when this was allowed to escape from a portion of it, the color was 
seen to be a rather lighter brown than that in the control. The architecture was 
normally prominent. It weighed 2,200 Gm.; that of the control animal, 645 Gm. 
The spleen was similar in size and appearance in the two animals. Its weight in 
the larger animal was 43 Gm.; in the control animal, 39 Gm. The pancreas 
(fig. 13) was more reddish and translucent in the experimental dog and weighed 
128 Gm.; in the control animal, it weighed 48 Gm. 

The peritoneum was smooth, pale and glistening everywhere in both animals. 
There was no evidence of damage from the repeated injections. The omentum 
was free; that in the animal which was given injections contained little fat but 
a rather large amount of brownish pigment. 
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Fig. 13.—Pancreas; the darker color of the specimen from the experimental 
animal (right) is due partly to congestion and partly to postmortem change; K ™%. 


























Fig. 14.—Stomachs; note the trabeculated appearance of the specimen from 
the experimental animal (right); xk ™% 











Fig. 15.—Kidneys; slight adhesions of the capsule and engorgement of the 
surface vessels are seen in the organ from the experimental animal (right); « ™. 
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The stomach (fig. 14) of the experimental animal was capacious, relaxed, and 
pendulous, but the walls and lining appeared normal. Unopened, it measured 27 
by 19.5 cm.; in the control animal, 13 by 9 cm. 

The intestines seemed normal in structure and contents in both animals. They 
were not measured. No parasites were found. 

The kidneys (fig. 15) were much enlarged and bluish in the animal given injec- 
tions. The capsule was adherent. Grossly, both the cortex and the medulla of this 

















Fig. 16.—Vaginae, uteri and left ovaries; the vaginae have been laid open by 
an incision along the anterior wall. Note the rugosity and thickness of the speci- 
men from the treated animal (right); about x %. 


animal were increased as compared with those of the control animal. The weight 
of both kidneys in the treated animal was 304 Gm.; in the control animal, 125 Gm. 
The ureters were normal, but the bladder was unduly large in the treated animal. 

The suprarenal glands of the injected animal, which did not appear dispropor- 
tionately enlarged or altered, weighed 3.4 Gm.; those in the control animal, 2.3 Gm. 
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The ovaries were large in the treated animal. No corpora could be made out 
in gross section in either dog. The weight of the right ovary in the experimental 
animal was 32 Gm.; in the control animal, 8 Gm. The uterus and vagina (fig. 16) 
showed the most striking changes in the entire body. The uterine horns were long, 
13 cm. in the injected animal as compared with 5 cm. in the control, and stretched 
well up into the hypochondrium. They were approximately twice the diameter of 
those of the control. The vagina was greatly elongated, and the tissue thick and 
deeply furrowed. 





Fig. 17.—Skulls; note the asymmetry and wide separation of the teeth, the 
spread of the zygoma and the ruggedness of the base in the larger animal (right) ; 
xXx % 


The brain appeared normal in both animals, that of the experimental animal 
weighing 112 Gm., and that of the control, 95 Gm. The hypophysis, which also 
appeared normal in gross section, weighed 1.3 Gm. in both animals. 

The skeletons of both animals were prepared. The skull of the treated animal 
was larger (figs. 17 and 18), especially the lower jaw (fig. 19). The teeth were 
larger and more widely spaced. The upper incisors and canines were symmetrical 
(fig. 17). The walls of the frontal sinus were thick, although the cavity itself was 
no larger than that of the control animal. The site of origin of the temporal 
muscle was abnormally roughened, and the skull as a whole presented an unusually 
rugged appearance. 














Fig. 18—Skulls, opened (dorsal view) ; a trephine opening has been made into 
the thick-walled, right frontal sinus of the specimen from the experimental animal 
(right). Note the increase in the diploe and the size of the foramina; x . 
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Fig. 19.—Right mandibles (inner aspect); the specimen from the treated 
animal (above) is larger and rougher, and has enlarged processes and widely spaced 
teeth; xX VY. 
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The long bones were obviously enlarged, and their prominences bore osteophytes, 
seen most clearly in the tibia (figs. 20 and 21). The patella also showed osteophytic 
changes (fig. 22). The digits did not show the spurs characteristic of acromegaly 
in man. Separate flakes of bone lay in the anterior ligament of the spine 
(fig. 23). 


Microscopic Examination.—Muscles: No definite difference between the two 
animals was distinguished in the voluntary musculature taken from various parts 
of the body. 





Fig. 20.—Right tibiae and fibulae; note the osteophytes on the head of the 
tibia of the experimental animal (right); «x 4. 


Tongue: A block was taken from a homologous situation in each animal—the 
base of the tongue, in the region of the circumvallate papillae. The piece from 
the injected animal was larger. Much of the cornified epithelium had been rubbed 
off, but where it remained, it was far thicker than that in the control animal. 
More striking was the increase in fibrous tissue which separated and surrounded 
the bundles of muscles. The muscular tissue itself appeared similar in the two 
animals. 








Fig. 21—Right femora (posterior aspect); note the enlargement and rugged- 
ness of the specimen from the treated animal (right); x ™%. 





Fig. 22.—Right patellae; that of the experimental animal (right) is enlarged 
and bears many osteophytes; natural size. 








Fig. 23——Last two lumbar vertebrae and sacra; note the hypertrophy of the 
transverse processes and the loose osteophytes overlying the intervertebral disks 
in the specimen from the experimental animal (right); x ™. 








Fig. 24.—Pelves: experimental animal, right; control, left; about x ™. 
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Thyroid: Sections from the experimental animal showed an abnormally dense 
and cellular structure (fig. 25). The acini were small, and many of them stellate 
or flattened. Some of the acinar walls appeared to be lined with two layers of 
low columnar epithelium, and similar cells filled the lumen of many. There was a 
striking paucity of colloid. In some sections, none was to be found. Occasionally 
its place was taken by an amorphous precipitate. 

Sections of thyroid, not only from the control but from other dogs killed in the 
laboratory, showed acini of varying size, but practically none without hyaline 
masses of colloid, and lined with low cuboidal or flat epithelium. 

















Fig. 25.—Thyroids: experimental animal, right; control, left. Note the high 
epithelium, collapsed alveoli and absence of colloid in the specimen from the experi- 
mental animal. Methylene blue and eosin; x 80. 


Heart: No difference in size of fibers, straining or amount of connective tissue 
was made out. 

Lungs: There was a congestive edema of the lungs of the treated animal 
(fig. 26). Most of the alveoli were filled with an amorphous protein precipitate 
containing a few red cells. A few were widely distended with air. There was no 
bronchitis, and no purulent or fibrinous inflammation. The capillaries were 
congested. By comparison, the normal lung appeared particularly empty and 
delicate. There was no striking difference in the general size of the alveoli between 
the two lungs. 
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Liver: The striking observation made on the animal which had been given 
the injections was the passive congestion, with central necrosis and the disappear- 
ance of liver cells (fig. 27). Almost all the cords of the liver were thin; often 
they were vacuolated and stained poorly. The sinuses were filled with blood and 
amorphous débris. In some places, the blood clot had fused into a hyaline mass. 
There was little abnormal pigmentation and no fibrosis. The control furnished an 
imperfect comparison, because it showed a slight fatty infiltration, not uncommonly 
seen in animals in captivity. 














Fig. 26.—Lungs: experimental animal, right; control, left. Passive congestion 
and edema are present in the specimen from the treated animal. Methylene blue 
and eosin; x 80. 


Pancreas: The specimen from the animal which had been given the injections 
had undergone some postmortem change. The nuclei did not stain sharply. The 
cells were similar in size and general appearance to those in the control. There 
was perhaps a little interstitial fibrosis. Islet tissue was relatively not increased in 
amount; if anything, it was decreased. There was no fibrosis or change in the 
aspect of the cells. 

Spleen: Aside from a moderate degree of fibrosis, the spleen of the experi- 
mental animal did not differ from that of the control animal. 
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Kidney: The specimen from the animal which had been given the injections 
showed the universal vascular congestion (fig. 28); however, the blood vessels in 
the specimen from the control animal were well filled also. There was a definite 
disparity in size between the secretory units. It was difficult to find a glomerulus 
in the injected animal which did not extend beyond the limits of an immersion 





Fig. 27.—Liver: experimental animal, right; control, left. Passive congestion, 
central necrosis and enlargement of the lobules are seen in the specimen from the 


treated animal; slight fatty infiltration is present in the specimen from the control. 
Methylene blue and eosin; x 80. 


field, whereas none were to be seen in the control which reached these limits. The 
count of glomeruli in low power fields, close under the capsule, varied from 4 to 
11 in the treated animal, and from 8 to 19 in the control animal. Corresponding 


portions of the tubules appeared larger in the experimental animal, but this was 
hard to estimate quantitatively. 








1728 ARCHIVES OF SURGERY 


The individual cells in corresponding situations were similar in the two speci- 
mens. The cells lining the tubules appeared somewhat larger in the experimental 
animal, but this might have been due to a slight cloudy swelling. Those in the 
capillary tuft appeared a little smaller, and less densely packed; yet the number per 
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Fig. 28.—Kidneys: experimental animal, right; control, left. Note the increase 
in interstitial tissue and the relative enlargement of tubules and glomeruli in the 
treated animal. The fields were chosen to include as many glomeruli as possible; 
yet parts of only four appear in the specimen from the experimental animal. 
Methylene blue and eosin; x 80. 


glomerulus seemed somewhat increased. There was no leukocytic or fibrous 


infiltration in either specimen. In the injected animal, an occasional capsule con- 
tained precipitated albumin and blood. 
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Suprarenal Gland: Of the two sections passing through the greatest width of 
the suprarenal gland, that taken from the animal which was given the injections 
was obviously the larger (fig. 29). It measured 28 by 6 mm., as compared with 
24 by 4 mm. in the control animal. The increase in size appeared to be due 


~ 


re : 
‘ 
» > 
¢; 
& 
& 
Y 
# 
. 
i 
t 
S 
* 


AS FeO 2 


1, OT Soak Salat biaacnt 


ae: oF: FP 
. Me 


Pe ’ : “€ a : me _ + 
‘ ‘ : en “ va : ‘ : 
i 4 af Pee — . =~ net ; a. . 


, 7 a, . . 











Fig. 29.—Suprarenal glands: experimental animal, right; control, left. Medulla, 
below; cortex above. Note the adenoma in the lower part of the control specimen. 
The structural units are spread apart, but the cells do not appear to have increased 
in size. Methylene blue and eosin; x 80. 


chiefly to an enlargement of the cortex, in which all three zones shared. The zona 
glomerulosa was prominent, and took a deep stain. The cells contained fewer 
lipoid vacuoles than those of the control animal. The narrow cell cords of the 
zona fasciculata were somewhat spread apart by spaces containing coagulated 
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protein. There were numerous small adenomas averaging about seven to a section, 
and measuring up to 1 mm. in diameter. They were composed of knots of cells 
resembling those of the glomerular zone, arranged about a rather heavy connective 
tissue stroma. They were situated in the depths of the middle zone. The zona 
reticularis was expanded; it could be clearly seen that the increase in area was 
chiefly due to an increase in the size of the blood vessels and the amount of stroma. 
Throughout the cortex, it appeared that the parenchymal cells were smaller, con- 
tained less lipoid and, consequently were darker-staining than those of the control 
animal. The nuclei were oval and dark. The densely packed, even columns of 
light colored, flattened cells, typical of the normal suprarenal gland were nowhere 
to be found. 

The suprarenal medulla was rather vaguely distinguishable from the adjacent 
reticular tissue; it appeared to be decreased in area as compared with that of the 
control animal. The cells were spread apart and separated from their stroma, 
giving the tissue a loose and open appearance. In many of the cells, the outline 























Fig. 30.—Cross-section of the normal uterus of the control animal. Comparison 
should be made with figure 31. Methylene blue and eosin; x 10. 


of the protoplasm was indefinite, as if partially disintegrated; indeed, often only 
the nuclei of cells were seen. They contrasted sharply with the closely packed, 
uniform cells of the control animal. 

Uterus: The whole section (figs. 30 and 31) was manifestly larger in the 
experimental animal; the greatest diameter was 11 mm., as compared with 6.5 mm. 
in the control animal. The epithelium lining the large stellate lumen and the glands 
immediately subjacent was columnar rather than cuboidal. More outlying glands 
were much distended, forming tortuous lacunae and cysts as large as 2 c.mm. in 
diameter, lined with low epithelium. These were represented in the control 
animal by solid cords of cuboidal cells, without lumen. The amount of interstitial 
fibrous tissue was increased, but it appeared less cellular than in the normal control 
animal. 

The muscular coat was not notably increased in thickness, although of course 
its circumference was greater. There was a paucity of fat in the parametrial 
tissues ; the fat that was present was of the small cell “fetal” type. 


There was no striking difference between the respective fallopian tubes of the 
two animals. 
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Breast: With the naked eye, the epithelium of the nipple in the experimental 
animal was seen to be thicker than that in the control animal (fig. 32). This 
thickening appeared also in the walls of the hair follicles. The tubules were large 
in the animal receiving the injections; the lining epithelium was tall and also 
thrown into folds. In the control animal, the glandular tissue was arranged in 
compact masses of collapsed alveoli, lined with small, inactive cells—the normal 
arrangement in the virgin female. 

Ovary (figs. 34 and 35): The size of a section through its greatest diameter 
was strikingly larger in the experimental animal, which showed 14 mm. as com- 
pared with 8.5 mm. in the control animal (fig. 34 and 35). Two large corpora 
lutea (3.5 mm.), composed of plump, fat filled lutein cells, occupied most of the 











Fig. 31—Cross-section of the uterus of the experimental animal. Note the 
increase in diameter compared with that of the control animal (fig. 30), and espe- 
cially the distention of the glands and lumen. Methylene blue and eosin; x 10. 


area of the normal section. The size of the section in the experimental animal was 
largely due to a great excess of stroma. In addition, most of the follicles seen 
were enlarged but unruptured. Many of them contained ova of normal aspect. 
Some of the follicles were filled with cells having irregular or elongated nonfibrous 
protoplasm and round or oval chromatin-containing nuclei, which did not in the 
least resemble normal lutein cells. In these, the follicular lining was indefinite; 
one received the impression that the whole structure was becoming organized and 
obliterated. Other small cysts were seen which contained an amorphous pre- 
cipitate and a few desquamated cells. 

In addition to these unfamiliar structures, a few normal unripe follicles were 


seen. It was impossible to say whether the total number of these was increased 
or decreased. 
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The fallopian tube was enlarged and thickened in the animal which had been 
given the injections. Its lining appeared normal. 

Hypophysis: There appeared to be an increase in the amount of fibrous tissue 
in the anterior lobe in the experimental animal. The parenchyma appeared normal 
in both animals, and there seemed to be a normal relationship between the different 
types of cells. A few hyaline cysts were visible in both specimens. 


Little was seen of the intermediate lobe in the animal receiving the injections, 


as the specimen was separated in handling. It appeared normal, however. 





Fig. 32—Mammary glands: experimental animal, right; control, left. Note 
the high, rugose epithelium of the gland of the experimental animal, resembling 
that of a lactating gland. Methylene blue and eosin; x 80. 


In the posterior lobes, little difference appeared in the specimens of the two 
animals. The vascularity was about equal. In the injected animal, there was, 
perhaps, a larger number of hyaline masses, apparently degenerated cells, and 
there were more hyalinized fibers in bundles and whorls. One hyaline cyst was 
seen in the larger animal. 


Summary.—The animal which received an aqueous extract of the anterior lobe 
of the hypophysis showed, during life, an enlargement of the “acral parts,” a lack 
of estrus, cutaneous disturbances, drowsiness, asthenia, gain in weight, polyphagia 
and polydipsia, fibroma of the skin, sialorrhea and persistent lactation. The animal 
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died, apparently of myocardial failure and edema of the lungs, after fourteen months 
of daily injections. 

At autopsy, an elongation of the long bones and mandible, thickening of the 
skull and the formation of osteophytes were found. There was a pronounced 
splanchnomegaly, most striking in the thyroid, uterus and vagina. However, the 











Fig. 33.—Skin and subcutaneous tissue: experimental animal, right; control, 
left. Note the thickening of the cutis, especially the horny layer in the specimen 
from the animal given injections. Methylene blue and eosin; x 0. 


heart, lungs, liver, pancreas, kidneys, suprarenal glands and ovaries were also 
enlarged to a disproportionate extent. The factor of long-standing congestion must 
be taken into account in some of these organs—particularly the lungs, which were 
edematous—but, obviously, cannot explain the full extent of the changes. Of the 
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important organs, the brain, hypophysis and spleen alone were of a size comparable 
to those of the control animal. 

Microscopically, a varying degree of increase of connective tissue was observed 
in all organs. The ovaries contained many ripe unruptured follicles, still con- 
taining ova. The thyroid alveoli contained practically no colloid, and were 
collapsed and irregular in shape. The epithelium was high and irregular. The 
whole picture suggested that of toxic goiter in man. There were microscopic 
cortical adenomas in the suprarenal glands. The renal tufts were definitely larger 
than those seen in the control animal. 











Fig. 34.—Greatest cross-section of the ovary of the control animal, surrounded 
by the fimbriated extremity of the tube. Two corpora lutea occupy most of the 
bulk of the ovary, in sharp contrast to that shown in figure 35. Methylene blue 
and eosin; x 10. 


COMMENT 


One need but glance at the list of symptoms given in any clinical 
treatise on acromegaly (for example that of Davidoff,’ p. 469) to see 
how completely the manifestations of this experimentally produced con- 
dition fit into it. Nor is the parallel between the observations at autopsy 
in this case and in cases in man less close. To refer again to a previous 


5. Davidoff, L.: Studies in Acromegaly: II. The Anamnesis and Symptom- 
atology in One Hundred Cases, Endocrinology 10:461, 1926. 
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paper in this series, Cushing and Davidoff ® laid particular emphasis on 
the splanchnomegaly which has appeared in greater or less degree in all 
the cases which they studied. The presence of adenomas of the supra- 
renal gland and, in one instance studied, of an enlargement of the ovary 
with failure of ripe follicles to rupture is also recorded in their paper. 
Two points in the comparison between the structural changes found 
in the dog which was given the injections and those seen in spontaneous 
acromegaly deserve further consideration. In the first place, the 

















Fig. 35.—Greatest cross-section of the ovary of the experimental animal, show- 
ing an increase in interstitial tissue, and the imprisonment of ova within unruptured 
follicles, some of which are in process of obliteration. Comparison should be made 
with figure 34. Methylene blue and eosin; x 10. 


definitely hyperplastic changes seen in the thyroid gland were more 
striking than those usually seen at autopsy in human beings. Indeed, 
acromegalic thyroid glands at autopsy often show the structure of a 


6. Cushing, H., and Davidoff, L.: Studies in Acromegaly: V. The Patho- 
logical Findings in Four Autopsied Cases of Acromegaly with a Discussion of 


Their Significance, Monographs of the Rockefeller Institute, New York, 1927, 
no. 22, p. 1. 
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“colloid” adenoma, according to Cushing and Davidoff.’ It is probable 
that the latter condition is a later, relatively inactive stage of acromegaly, 
for instances are on record in which the thyroid has been removed from 
acromegalic patients on the ground that it was hyperplastic. 

In the second place, the incredible enlargement of the uterus and 
vagina appears to be without parallel in autopsy material obtained from 
man. Perhaps it was not specifically looked for. That this enlarge- 
ment is no accidental observation in experimental canine hyperpituitarism 
is shown by the fact that it occurred in three other female dogs experi- 
mented on, though not yet reported, even after injections for as short 
a period as two months. No comparable overgrowth is seen or reported 
in female rats which are given injections. On the other hand, charac- 
teristic “mulberry ovaries,” containing corpora lutea and ova, are pro- 
duced in the rat by filtered extract of the anterior lobe, but not in the 
dog. The canine ovaries rather resemble those in the case reported 
by Cushing and Davidoff in a human being. 

The hypertrophy of the genitalia of the dog in the case here reported 
suggests that the fluid used contains the second hormone of the anterior 
lobe, recently separated by Evans and Simpson,* which produces pre- 
mature sexual maturity in the rat. 

In general, however, the condition as it occurs spontaneously in 
human beings appears to correspond closely with that produced in the 
dog experimentally. 


SUMMARY AND CONCLUSIONS 

1. A dog which received daily for fourteen months a sterile 
aqueous extract from the anterior lobe of beef hypophyses grew to 
almost twice the weight of its littermate control. It developed among 
other conditions, enlargement of the acral parts, polyphagia, asthenia, 
sialorrhea and spontaneous lactation. 

2. The animal succumbed to myocardial failure and edema of the 
lungs. A skeletal overgrowth with hyperostosis was present. There was 
a generalized splanchnomegaly, affecting the thyroid and genital tract 
most strikingly. The thyroid was hyperplastic, there were adenomas 
of the suprarenal gland and the ovaries contained ripe but unruptured 
follicles. 

3. The condition produced appears to merit the designation of 
experimental acromegaly. 


7. Cushing, H., and Davidoff, L.: Studies in Acromegaly: IV. The Basal 
Metabolism, Arch. Int. Med. 39:673 (May) 1927; footnote 6. 

8. Evans, H. M., and Simpson, M.: Antagonism of Growth and Sex Hor- 
mones of the Anterior Hypophysis, J. A. M. A. 91:1337 (Noy. 3) 1928. 








TREATMENT OF HYDROCEPHALUS 
HISTORICAL REVIEW AND DESCRIPTION OF A NEW METHOD * 


LEO M. DAVIDOFF 


Many fundamental questions concerning the cerebrospinal fluid, as, 
for example, whether it is wholly or only partially produced by filtration 
through the choroid plexus, remain unsolved. But the discoveries of 
modern workers, from Magendie through Cushing and his pupils, con- 
cerning the nature, origin, outlet and functions of the “third circulation,” 
leave one free to enter on a discussion of the therapy in diseases affect- 
ing it, without first having to consider these other aspects. 

In many papers on the treatment of hydrocephalus, the confidence 
of the authors in their own methods leads them to pass briefly over the 
efforts of others in the same direction. The present writer, from the 
beginning, must confess to a feeling of trepidation at offering still 
another method, and will at least review in some detail the multitudinous 
schemes presented—especially during the past forty years—for the cure 
of this distressing condition. Each one has its own merits, even though 
all together fail to accomplish their aim except in a small percentage 
of cases. 





TREATMENT BEFORE THE DAYS OF ANTISEPTICS 

Hydrocephalus was known to the ancients, but its treatment in their 
hands was not founded on sound physiologic principles. Although Hip- 
pocrates is repeatedly credited with having punctured the dilated ven- 
tricles through the open fontanelle or after trephining the skull, this 
fact could not be confirmed by referring to his writings.* Whytt ® 
quoted him as proposing treatment by making a perforation in the upper 
part of the cranium, but not by probing the brain itself. In Littre’s 
“Translation,” volume 10, only a brief passage exists on the “dropsies 
coming from the head,” in which such treatment is recommended as 
making three scars on the neck, warming the frontal region and cooling 
the occipital, purgation, etc. 

Children born with large heads containing an excess of fluid were 
recognized throughout the ages as anomalous beings. Vesalius ** gave 
an account of a child of two years whose head was greatly enlarged 
and in the ventricles of whose brain were found nine pounds of water. 
Hieronymus Mercurialis,** who flourished in the beginning of the six- 


* From the Laboratory of Neuropathology of the New York State Psychiatric 
Institute. 


* Dr. Fielding H. Garrison was kind enough to lend me the benefit of his wide 
experience in this search. 
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teenth century, mentioned the collection of water in the ventricles of 
the brain as a thing that might possibly occur. Boerhaave ° also spoke 
of it, calling it a species of the Hydrocephalus. It was not until 1768, 
however, that Robert Whytt made his “Observations on the Dropsy in 
the Brain” occurring in children after the sutures had closed, and thus 
unaccompanied by any appreciable enlargement of the head. Concern- 
ing the treatment of hydrocephalus, this astute observer expressed a 
truth that remains practically unchallenged today, when he wrote that 
in the latter stages of the disease when “so much water is accumulated 
as, by its pressure on the sides of the ventricles, to disturb the action of 
the brain, we have little to hope from medicine.” 

For the most part, treatment of hydrocephalus, and of meningitis— 
the latter was usually looked on by the older writers as the early stages 
of hydrocephalus, as, indeed, it often is—followed the therapeutic 
fashions of the times. Thus, as late as 1843, Professor Bennett * of 
London, in a prize essay on “. . . Water in the Head” wrote that 
‘in the strictly acute inflammatory forms there can be no doubt that 
blood-letting is our sheet anchor.” He condemned blood-letting by 
venesection in the chronic forms and recommended cupping and leech- 
ing in the vicinity of the mastoid. Purges and diuretics were used on 
the strength of the argument that these measures were efficacious 
in the treatment of dropsies in other cavities of the body, and might, 
therefore, be useful here. More special types of therapy employed in 
pre-Listerian times will be discussed in their appropriate places. 


TREATMENT WITH DRUGS 


Our heritage from the distant past relating to the treatment of 
hydrocephalus by means of drugs may be safely forgotten. It had no 
pretentions to anything beyond the aims of the honest practitioner who 
confided to his assistant that in whatever ailment he was called on to 
treat . . . “I purged, I puked, I bled ’em, and if they died, I let 
‘em.” Even our immediate predecessors left us nothing but mercury, 
iodide of potassium, salicylates, bromides and antipyrine. 

Of more recent date, the introduction of gland extracts into the 
pharmacopeia has had its influence on the treatment of hydrocephalus. 
It is believed, according to the experimental evidence of Frazier,*? that 
thyroid extract has a depressant effect on the production of cerebrospinal 
fluid by the choroid plexuses. This extract has therefore been fed to 
hydrocephalic children, and a certain number of favorable results have 
been reported by Frazier,** Elsberg,?* Gray,*®* Litchfield and Dembo, 
and Mitchell and Zeligs.™ 

As noted, diuretics have long been utilized empirically in cases of 
“dropsy in the brain.” In 1924, Marriott,** having shown that, in cer- 
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tain cases of edema in which the surface tension of the blood was low, 
fluids tended to pass from the blood into the tissue spaces, was led to 
try the effect of theobromine sodiosalicylate, which raises the surface 
tension of the blood, on patients with hydrocephalus. He reported the 
results in six cases. His experiments were well controlled and showed 
a favorable response to the drug in all six. In 1925, Mitchell and 
Zeligs °* reported a case in which they tried this treatment but without 
success.* ' 
PHYSICAL AGENTS 

Brainard (1825) * is said to have been responsible for the introduc- 
tion of two most unjustifiable procedures. The one was to compress 
the head by tight bandaging, and the other to inject strong iodine solu- 
tion into the ventricles, to destroy, as he believed, the secreting epithelial 
lining. Fortunately, his suggestions were rarely followed and soon 
entirely abandoned. 

The present day fad of treatment by radiation was anticipated by 
Somma,*® who is said to have treated, in 1886, five cases by exposing 
the head to the sun, with improvement in some and cure in the others. 
This work was never confirmed, and ten years later the German 
worker, Pott,"° remarked caustically that “possibly the masculine 
sun of Italy—they call it il sole—is more energetic and healing than 
ours, who is a lady.” Roentgen rays have at the present time 
eclipsed the sun in this connection. Sgalitzer ** and Spiegel *’ per- 
formed some experiments to prove that exposure of the head, over the 
choroid plexuses, to the x-ray reduces their function of producing cere- 
brospinal fluid, and Sgalitzer 8° and Siedamgrotzky ** advised the radia- 
tion of the plexuses instead of their resection. 


RESECTION OF THE CHOROID PLEXUSES 


It is obvious that whether hydrocephalus is due to a failure of 
absorption or an overproduction of cerebrospinal fluid, the excision of 
the choroid plexuses should theoretically cure the disease. Practically 
only the plexuses in the lateral ventricles, however, are accessible, and 
these only by means of serious transcortical operations which appear too 
drastic to be justifiable. The operation was actually carried out by 
Cushing,’* Hildebrand,*’ Dandy,’* Lawin,** Perthes,”* Polya,** Towne *” 
and others—on about fifteen patients, of whom three were living at the 
time when they were reported (by Perthes, Dandy and Polya). It 
would appear equally logical and much less dangerous to reduce the 
supply of blood to the plexuses by tying off the carotid arteries. 


* Since writing this paper, I have had occasion to test this treatment in three 
cases of hydrocephalus, with promising results. 
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TYING THE COMMON CAROTID ARTERIES 


In 1796, Robert Chisholm,?* about to be graduated in medicine from 
the University of Pennsylvania, took as the title of his inaugural thesis, 
“Hydrocephalus internus. . . .” In it he quoted Patterson as sug- 
gesting compression of the carotid arteries “in order to obviate a morbid 
accession of blood to the vessels of the head.” The youthful author 
added, in true schoolboy abandon, “We have no objection to a trial of 
this practice, Fiat Experimentum.” One hundred years later, a more 
mature investigator, Stiles,** basing his reasoning on more specific knowl- 
edge of the physiology of the circulation of the cerebrospinal fluid, 
recommended the permanent compression of the carotid arteries by 
ligature, in order to obviate an accession of blood to the choroid plexuses. 
Fraser and Dott *! (1922) followed this suggestion in four cases of 
the extraventricular (communicating) type of hydrocephalus, with 
encouraging results in three of them. Fuller ** (1927) also reported 
one patient successfully treated in this way. The vessels were tied at two 
sessions, with an interval of ten days between the two. Fuller recom- 
mended the use of silver wire for the ligature, and cautioned against its 
being tied too rapidly for fear of damaging the vessel wall and causing 
emboli to form. Following the second ligature, he performed a ven- 
tricular puncture. 


PUNCTURE OF THE LATERAL VENTRICLES 

Long before antisepsis lent safety to the procedure, heroic doctors 
attempted to relieve the distress of their patients with hydrocephalus 
by evacuating the dammed up liquor in the ventricles. Every route was 
utilized, the anterior fontanelle, the coronal suture, the posterior 
fontanelle, the nose, the orbit and finally a trephine opening in the 
skull. Such a puncture is said to have been made on Dean Swift in 
1744 (Keen **). Le Catt and Remet ** reported, in 1751, that they had 
evacuated the fluid in the ventricles of several patients with hydro- 
cephalus, but always with fatal results. Toward the end of the 
eighteenth century the practice became popular, so that Professor 
Monro * of Edinburgh reluctantly lent it the weight of his authority 
by saying that “if ever the operation is attempted, the opening should be 
made with a lancet, and at a part where there is no danger of wounding 
any large artery or venal sinus of the head.” In those days, the punc- 
ture of the ventricle was followed almost invariably by death. Since 
antisepsis has been introduced, however, it has taken its place as a 
moderately safe procedure to be used as a temporary measure of 
relief. Indeed, there are numerous reports of cases in which apparent 
cure or permanent improvement in the hydrocephalus followed repeated 
or even a single ventricular puncture. 
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LUMBAR PUNCTURE 

When Quincke * (1891) first described the tapping of the spinal 
subarachnoid space by inserting a hollow needle between the spinous 
processes of the lumber vertebrae, he advocated its use in emptying 
the superabundant fluid from the subarachnoid spaces of patients with 
hydrocephalus. Since then its use has been common in this connection, 
and favorable results following one, two or repeated tappings with the 
removal of varying amounts of fluid have been reported by Park,* 
Zongiannini,” von Bokay,® Fromowicz,** Conto,'* Howe,*® Kastner,®' 
Bessau * and Cassel’*—to mention only a few. The mechanism of a 
cure by this means is presumably dependent on the fact that in the cases 
in question the equilibrium between the formation and the absorption 
of the cerebrospinal fluid is so slightly disturbed that removing the 
handicap of excess fluid on one or two occasions allows the balance to 
become reestablished. 


CONTINUOUS DRAINAGE OF THE VENTRICLES 

External Drainage.—Following Lister’s revolutionary discoveries of 
1867, the uncertainty with which even the simplest surgical procedures 
were undertaken was displaced by greater confidence on the part of 
surgeons. In 1881, Wernicke proposed trephining the skull and 
externally draining the lateral ventricles as a means of treating patients 
with chronic hydrocephalus. In 1886, this suggestion was acted on by 
Zenner of Cincinnai. Keen,®* unaware of the previous work on this 
subject, proposed the same procedure in 1888, and three years later 
reported at the International Congress of Surgery in Berlin on three 
cases with this treatment, all ending fatally. From then on, for the next 
ten or fifteen years, his operation was much in vogue and reports flooded 
the literature, including those by Pott,’® Robson, Franks, Broca,'® Wyss, 
Hahn, Dujan, Kocher, Power,’7 McCosh, Trinkler ** and others. Most 
of these attempts, however, also ended in failure. In spite of antiseptic 
and aseptic precautions, some patients died of infection, others of inter- 
current disease while still under treatment, a few as a result of the 
operation itself, some apparently because the release of the intracranial 
pressure was too rapid, and still others for no demonstrable reason. 


Drainage into the Subcutaneous and Subarachnoid Spaces.—In order 
to permit the drainage to continue permanently, to avoid infection and to 
avoid a too rapid discharge of fluid, the next logical step was to devise 
a method of internal drainage of the ventricles. This was first accom- 
plished by Miculicz, who, in 1893, presented to the German surgical 
congress a child in whose lateral ventricle he had inserted a nail-shaped 
mass of glass wool, the head of the “nail” coming to lie under the little 
osteoplastic flap which was closed tightly over it. The child survived 
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the operation and eventually its hydrocephalus ceased to progress. 
Later, according to Henle *° and Kausch,** Miculicz devised a tube made 
of gold (fig. 1), which he inserted in two stages 





first placing the per- 
forated disk (fig. 1b) under the scalp, and then passing the flanged 
tube (fig. la) through a hole in the disk and in the skull into the 
ventricle. Writing from the Miculicz clinic in 1896, Henle seemed 
hopeful of the results obtained to that time, and cases began to be 
reported in the literature in which this method or some modification of 
it had been used. 

In 1898, Sutherland and Cheyne *® reported three patients in whom 
they accomplished internal drainage by passing some strands of catgut 
into the ventricle and inserting the free ends under the dura. In one case 
it failed. One patient began to improve, but died afterwards of men- 
ingitis. The third was alive and seemed better at the time of the report. 
In the discussion of their paper, Dr. H. J. Stiles also reported the cases 





Fig. 1—Miculicz’ gold tube for use in draining spinal fluid from the ventricles 
in hydrocephalus (after Henle: Mitt. a. d. Grenzgeb. d. Med. u. Chir. 54:1859, 


1927). A represents the phlanged tube, B the perforated disk and C the assembled 
tube and disk. 


of three patients operated on in this way. All of the patients died, and 
he discredited the procedure. 

The next year, 1899, Dehler ** reported a failure of the gold-tube 
method owing to stoppage of the tube. Schramm *° also reported a case 
during that year in which drainage was secured by means of catgut. 
The patient improved for three weeks, then he was lost sight of. 

In 1903, Senn *' described a case in which he drained the ventricle 
into the subdural space by means of a perforated rubber tube (fig. 2). 
The child showed improvement for eight days. The tube was then 
removed, and the same night hyperthermia occurred followed by death. 

A case treated with some measure of success by Miculicz’ original 
glass wool “nail” ‘was reported by Horsley ** in 1906. 

Speaking before the Berlin Medical Society in 1908, Krause °° 
described a modified Miculicz tube consisting of gilded silver. This 
tube, intentionally too long, is passed through a small hole in the skull 
and through the brain into the ventricle. After this, it is advanced 
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another 0.5 cm. in order to allow for thickening of the cortex as the 
ventricles shrink. The free end of the tube is then pinched off about 
1 cm. above the bone and is split down on two sides and two tongues 
bent down against the skull at right angles to the tube. These may then 
be fastened by sewing the pericranium over them. Krause reported 
four cases in which this procedure was tried; in one of these there 
seemed to be some improvement eight months after the operation. 

In 1909, Taylor °° reported a case in which drainage of the ventricle 
into the subdural space was effected by the use of chromic catgut 
wrapped in Cargile membrane, with satisfactory improvement for four- 
teen months; then the child died of gastro-enteritis. He also mentioned 


another case in which he used a vein from the arm of the patient’s father 
for a drain. 











Fig. 2—Drainage of the ventricles into the subaponeurotic layer of the scalp 


by means of a perforated rubber tube (after Senn: Alienist & Neurol. 24:317, 
1903). 


Andrews! (1911) demonstrated that a glass tube can be used in 
place of a gold one in the Miculicz operation, and reported such a case 
in which improvement was shown for five years. 

Pussep ** (1912) made a modification in Krause’s modification of 
Miculicz’ method by sewing the tongues of the silver tube to the dura 
instead of the bone, believing that in this way the ventricular fluid might 
reach the subarachnoid, as well as the subcutaneous, spaces. He 
reported ten cases with a certain degree of improvement in nine of them. 

Hudson °° proposed the use of a coiled silver wire tube in the ven- 
tricle connected with a fan-shaped silver wire mat lying under the 
temporal muscle. 

Sharpe ** (1917) reported forty-one cases in which he tried to pro- 
duce drainage by means of linen threads (fig. 3). These he inserted into 
the ventricle in the case of the noncommunicating type of hydrocephalus, 
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and simply under the dura in the case of the communicating type. In 
both types, the free ends of the threads were led to the subcutaneous 
tissue. Thirteen of his patients died within thirty-six hours after the 
operation. Five others failed to improve as a result of it; twenty-three 
improved in varying degrees; five improved remarkably. 

Still another method involving the same principle was proposed by 
Hildebrand *7 in 1923. According to his method, the roof of the orbit is 
laid bare through an incision in the eyebrow, a piece of bone 1.5 by 2 cm. 
is removed about 1 cm. inside the orbital ridge. A hole is then cut in 
the dura, the anterior horn of the ventricle is punctured, the wound is 
closed and the patient sat up to favor drainage. One chiid on whom he 
carried out this procedure improved for a time. The 


symptoms 
recurred, however, and the operation had to be repeated—first on the 





Fig. 3.—Drainage of the ventricles or the subarachnoid space, linen threads 
being used as the drain (after Sharpe: Am. J. M. Sc. 153:563, 1917). A indicates 
temporal muscle; B, temporal fascia; C, opened dura; D, sylvian fissure; E, lateral 
ventricle; /, linen threads; G, zygomatic arch; H, parietal crest. 


other side, then on the original side. Sokolowski and Irger ** (1925 
used this operation in six cases, but with rather discouraging results. 
They believed that the absorptive area in the fatty tissue of the orbit 
it not large enough, and proposed a drainage of the ventricle into the 
fatty tissue of the cheek—the globulus adiposus of Bichat, between 
the cheek muscle and the masseter, which connects with the lymphatics 
of the neck. Such a pathway is produced by making a subtemporal 
decompression, drawing up a strip of the fat still attached by the one end 
to the area just mentioned, and inserting the free end into the temporal 
horn of the ventricle. They operated on four patients by their method. 
Two were slightly improved. 

In 1924, Koljubakin ** described a modification of still another 
method of draining the ventricle into the subcutaneum, originally 
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devised by Wenglowsky in 1913, consisting of a plastic tube or strip 
prepared from the dura which remains attached at one end. The free 
end is plunged transcortically into the ventricle. 

Finally, in 1926, Kosyrew,** in view of the work of Linberg and 
especially Sokolowsky in the use of strips of omentum for various pur- 
poses in those cases in which delicate epithelial pathways are of value, 
utilized omental strips to drain the excessive ventricular fluid of patients 
with hydrocephalus to the subdural and subarachnoid spaces. He 
reported the cases of eleven patients on whom the operation had been 
performed, of whom two died and nine showed varying degrees of 
recovery. 

Another method of leading the ventricular fluid into the subarach- 
noid space deserving special mention because of its widespread use 
was planned by the German neurologist Anton,’ and carried out by his 
surgical colleague, von Bramann,® in 1908. This is the well known 
puncture of the corpus callosum (Balkenstich). Although much more 
popular than many other methods, it is gradually being discarded like 
them because, in the first place, the puncture hole in the corpus 
callosum does not stay open long, and because many patients, especially 
those with the communicating type of hydrocephalus, fail to be benefited 
by such an opening. Denk * (1927) collected seventy-seven cases of 
hydrocephalus from the literature which had been treated by the cal- 
losal puncture. Among them were only six operative fatalities, but the 
results in the others were, on the whole, unsatisfactory. 

A more recent variation of the Anton-Bramann operation is the one 
proposed by Dandy ** (1922), in which, through a frontal approach, he 
cuts a window in the anterior wall of the third ventricle, thus not only 
releasing the dammed up fluid in the ventricular system, but establish- 
ing an opening for the fluid into the cisterna chiasmatica. At the time 
of his writing, he had done this operation on six patients, but was not 
ready to report on them. 

In the noncommunicating type of hydrocephalus, in which the 
obstruction is at the foramina of Luschka and Magendie, a suboccipital 
operative approach and the freeing of adhesions, or the establishment 
of a new outlet through the posterior velum, would be a logical proce- 
dure. As early as 1893 it was attempted by Alfred Parkin.** The 
obstruction in his case was due to a tuberculous exudate, and the patient 
died. In 1895, however, Glynn and Thomas * successfully accom- 
plished this operation. In 1911, Andrews * described a patient on whom 
Murphy had operated ten years before, making a window in the posterior 
velum. This boy did well for five or six years; then his symptoms 
gradually returned. Two more patients were reported successfully 


treated in this way by Dandy *° in 1921, with, of course, a much modern- 
ized technic. 
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When the obstruction was at the aqueduct of Sylvius, as shown by 
ventriculography, Dandy '® (1920) carefully forced a small sound 
through the iter, under vision; then he put a perforated rubber tube 
into the aqueduct to help the canal reform. Two or three weeks later, 
at a second operation, the tube was removed. He reported on two 
patients one of whom died of pneumonia seven weeks after the opera- 
tion. The other was doing well one year afterwards. Litchfield and 
Dembo * (1922) attempted this operation, but their patient died. 
Fraser and Dott (1922) also made use of this procedure. 











Fig. 4—Drainage of the ventricles into the longitudinal sinus (right) or the 
subarachnoid space (left) by means of a transplanted vein (after Payr: Arch. f. 
klin Chir. 87:701, 1908). 


Drainage into the Blood Stream.—Since the natural outlet of the 
cerebrospinal fluid is into the blood stream, and since the pressure in 
the cerebrospinal fluid spaces, as shown by Dixon and Hallburton and 
Wegeforth and Weed, is always slightly in excess of the venous pres- 
sure, Payr ™ (1908) decided to connect the hydrocephalic ventricles 
with the longitudinal sinus (fig. 4), the jugular, or the common facial 
veins. His technic was elaborate, but, briefly, consisted of transplanting 
a vein from the patient himself, or better, some adult donor. One end 
of the vessel was inserted into the ventricle, while the other was sewn 
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into the sinus. The vein was so placed that the valves opened only to 
a stream flowing from the ventricle to the sinus. His first five attempts 
failed. He ascribed this failure to the collapsibility of the transplanted 
vessels, and, in 1911, proposed the use of hardened calves’ arteries 
within a venous sheath. He reported fifteen patients at this time ** only 
eight of whom had been treated by transplantations of vessels. Unfortu- 
nately, he lumped his results, so that one cannot know how these eight 
fared as compared with those he had treated in other ways. Seven of 
the fifteen died. Of the eight surviving ones, four showed some 
improvement. 

Enderlen ** (1911) reported a case in which he transplanted the 
fresh anterior tibial artery between the ventricles and the superficial 








Fig. 5—A Y-shaped vein to be used as a conduit for cerebrospinal fluid from 
the subdural space into the blood stream. A represents the vein after excision; 
B, the vein prepared for transplantation and C, the vein sutured into place under 
the dura (after McClure: Bull. Johns Hopkins Hosp. 20:110, 1909). 


temporal vein. This worked nicely for a while, then it became blocked 
and the symptoms returned. 

McClure © (1909), presumably for cases of communicating hydro- 
cephalus, proposed drainage of the subarachnoid space into the jugular 
by means of a transplanted vein (fig. 5). He made clever use of 
Y-shaped pieces of vessel, which he succeeded in transplanting five out 
of six times in dogs. Unfortunately, his only case in man died of hyper- 
thermia after the operation. 

Cushing ** spoke of having attempted a drainage of the ventricular 
fluid into the blood stream by the placement of a specially devised silver 
tube that led from the dilated third ventricle through the corpus callosum 
directly into the longitudinal sinus. But the results were inconclusive. 
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Haynes ** (1913) hit on a simple method of connecting the subarach- 
noid spaces and the blood stream. By way of a suboccipital approach, 
he laid the dura bare, then inserted one end of a rubber or silver tube 
through a slit in the dura into the cisterna magna. The other end was 
then similarly passed into the lower end of the longitudinal sinus or 
torcula. His first paper contained reports of two fatal attempts, and later 
papers * showed increased skepticism regarding the value of the 
method. 


CONTINUOUS DRAINAGE OF THE SPINAL SUBARACHNOID SPACE 

The large majority of cases of hydrocephalus occurring in young 
children, as attested to by Cushing,’* Elsberg *‘ and others, are of the 
communicating type. One turns, therefore, with interest to the dis- 
cussion of methods intended specifically to cure this variety of the con- 
dition. Naturally, all methods aiming at the drainage of the spinal 
rather than the cranial subarachnoid space, whether intentionally or 
not, could be effective only in the communicating type of hydrocephalus. 

The earliest attempt at a prolonged drainage of the spinal subarach- 
noid space was by Quincke * (1891), who advised using a lancet point 
on a lumbar puncture needle and moving it back and forth during its 
passage through the dura in order to slit this membrane and permit a 
seepage of fluid through it to the lymphatic spaces of the spinal muscles 
and subcutaneous tissue. This method was again advocated later (1912) 
by Fromowicz.** 

A little known, but more ambitious, effort to accomplish the drainage 
of the spinal canal was mentioned in an editorial in the New York Med- 
ical Journal (1:902, 1898). Two cases were briefly described, in 
which the patients had been treated by A. H. Ferguson. He removed 
the arch of the fifth lumbar vertebra, then pulling the cord aside, 
drilled a hole through the body of the vertebra toward the peritoneum. 
Through the hole he passed the loop of a U-shaped silver wire toward 
the peritoneum and bent the free ends downwards toward the cauda 
equina. His first case died soon after the operation, the second one 
improved for three months, but then died of bronchopneumonia. 

Nicoll (1898) suggested drawing up the free edge of the omentum 
through a paravertebral approach to the peritoneum, and at the same 
operation attaching this to a defect in the spinal dura. In 1905,°* he 
carried out this operation, but when he wrote his report, insufficient time 
had elapsed since the operation to allow him to judge of his results. 

In 1905, also, Cushing*® mentioned six patients treated by his 
method of anastomosing the spinal subarachnoid with the peritoneal or 
retroperitoneal spaces. The results in three of the patients he looked 
on as encouraging. His operation, after some preliminaries to establish 
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the presence of a communication, etc., consists of a combined 
laminectomy and laparotomy during which a hole is drilled in the body 
of the fourth lumbar vertebra, and a silver canula inserted. The latter 
is composed of a female half put in from the posterior aspect, and a 
male half forced in from the peritoneal side. In 1908, Cushing ** men- 
tioned twelve patients on whom he had operated in this way with 
“a considerable measure of success.” Unfortunately, two or three 
infants did well for a week or two after the operation and then died. 
They proved at autopsy to have died of intussusception.’ Believing that 
the presence of the pituitary secretion contained in the spinal fluid may 
have caused a disturbance in the normal peristaltic activity of the 
intestines, and thus have been the indirect cause of the death of these 
patients, he soon abandoned his operation. 

Fowler *® practiced the Cushing technic, and reported two cases in 
which the patients were treated according to this method in 1909. The 
first patient was an infant, aged 8 months, who withstood the operation 
well. Six months later, at the time of the report, the hydrocephalus 
was definitely arrested and the child developing normally. At the 
age of 4,°° the child was healthy and even brighter mentally than the 
average for his age. When he was 12 or 13 (the author recollected 
the age indistinctly) the boy was again reported physically normal and 
mentally above the average. Fowler’s second case was that of a con- 
genitally syphilitic child, who proved to have plastic adhesions above 
the level of the tube. It died soon after the operation. 

Of late years, the most persistent exponent of the drainage of the 
spinal canal in the treatment of hydrocephalus has been the German 
surgeon, Heile.*® In 1908, a child who had been operated on for men- 
ingocele during the second day of life, began, at 5 months, to develop 
hydrocephalus. Temporary measures failed to give relief, and when 
the child was 8 months old Heile, entering through the old scar, reached 
the peritoneal cavity in the paravertebral region. He pulled out a loop 
of intestine and sewed the serous surface to a slit in the spinal dura 
(fig. 6). Because of an error, as the author believed, in the post- 
operative care, the patient died twenty hours after the operation. 
Autopsy did not reveal any cause of death. 

Two years later,*' he reported another case. This was a child aged 2 
days with spina bifida and hydrocephalus. This time, he amputated the 
sac, and at the same operation drained the spinal canal by means of silk 
threads leading from the dura to the peritoneum (fig. 7). Immediately 
after the operation, he kept the child’s pelvis elevated above the level of 
its head in order to permit the wound to heal. Ten months after the 


operation, the child was entirely well. Two years later, it died of an 
intercurrent infection. 
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Fig. 6—The serous surface of an intestinal loop: (4) attached to a defect in 
the dura; (B) to lead the cerebrospinal fluid into the peritoneal cavity (after Heile: 
Deutsche med. Wehnschr. 24:1468, 1908). 





Fig. 7.—Silk threads (A to B) used to conduct the cerebrospinal fluid stream 
from the end of a meningocele sac into the peritoneum (after Heile: Berlin klin 
Wehnschr. 47:2298, 1910). 
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In 1914, Heile ** received as a patient a boy aged 8, of normal intel- 
ligence, but with an extremely large head that had been increasing in 
size since birth. The boy had never walked and was suffering from 
spastic contractions of the extremities. Repeated lumbar punctures with 
the removal of large quantities of fluid (from 100 to 130 cc. at a time), 
and puncture of the corpus callosum failed to give relief. The author 
then tried to connect the spinal canal with the abdominal cavity by means 
of a transplanted saphenous vein. This also failed, due to the collapse 


of the vessel. The latter operation was then repeated on the other side, 
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Fig. 8.—The establishment of connections between the spinal subarachnoid space 
and the peritoneal cavity. A represents a transplanted vein; B, a rubber tube; 
C, the place of entrance into the peritoneum (the triangle of Petit) and D the 
dura (after Heile: Arch. f. klin. Chir. 105:501, 1914). 


this time a rubber drainage tube being used (fig. 8). Five months after- 
ward, the boy walked for the first time in his life, and the head, on one 
side at least, was not any longer transilluminable as it was before the 
operation. 

Heile continued his efforts to treat hydrocephalus by draining the 
spinal subarachnoid space. In 1925,** he reported that the boy operated 
on in 1914—nearly twelve years before—was still living and well. The 
only difficulty was the fact that about once a year the tube was extruded 
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as a foreign body and had to be renewed. Since 1914, he had done 
such operations on four more patients. One of these was still living and 
doing well eight years after the operation. 

At the time of this last report, Heile published still another method. 
This consisted of performing a unilateral nephrectomy followed by an 
anastomosis of the kidney pelvis to the spinal subarachnoid space. 
Drachter,”* on hearing Heile’s report, stated that in 1917 he had already 
done such an operation on an infant 6 months old, who died from an 
undeterminable cause in forty-eight hours. In 1927, Heile ** was able 














Fig. 9—Whole thickness graft of skin sutured under the desired tension directly 
on muscle tissue; the line of the skin incision and the retraction of the skin over 
the muscle may be noted (after Davis and Traut”). 





to report on four children in whom this dura-ureter anastomosis had 
been effected. One had died of pneumothorax, but the other three were 
doing well. 

AUTHOR'S METHOD 


In 1926, Davis and Traut ** published the following experiment: 


Dogs, under ether anesthesia, were shaved and the skin of the abdomen 


carefully cleansed. The experimenters then cut out a strip of skin and 
implanted it under the rectus fascia. The piece of skin was sewn 
directly to the muscle by closely placed sutures at a tension correspond- 
ing to that which was exerted on it in its original position (fig.9). The 
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edges of the fascia were sewn over it, one at a time, the second over- 
lapping the first, thus forming a double layer. Finally subcutaneous 
tissue and skin were carefully closed (fig. 10). 

They found that, within twenty days, the epidermis had grown out- 
ward from all sides of the strip of buried skin and covered the overlying 
double layer of fascia. The result was an epidermis-lined tube with 
firm strong walls (fig. 11). In addition to tubes, they were able to 
produce oval or, indeed, any shape of sacs up to 6 cm. in diameter. In 
the cases of sacs 6 cm. or more in diameter, necrosis from too great 
tension resulting from secretion of the skin glands began before epi- 
thelialization was complete. After forty days, the tension was sufficient 
to produce necrosis in tubes of any size, unless evacuation of the secre- 
tion was accomplished. 

This experiment I have repeated numerous times, and always with 
uniformly favorable results. Guided by the experience of the original 
authors, I waited from twenty-eight to thirty days after the operation 
before examining the transplant, and invariably found a beautifully 











Fig. 10.—Overlapping muscle fascia over the graft; the line of closure of the 
skin should be noted (after Davis and Traut ™). 


formed epidermis-lined tube with firm strong walls, the strength of 
which could be increased by dissecting off with it a few millimeters of 
rectus muscle to which it had grown adherent. 

Such a tube, it seemed to me, could advantageously supplant any 
homotransplants or heterotransplants of veins or arteries, or rubber, 
glass or collodion (Lambert) tubes in any of the various attempts to cure 
hydrocephalus by connecting the spinal or cerebral subarachnoid spaces 
with one of the body cavities. Its advantages are that, within the limits 
stated, it can be made any desirable length and diameter ; its walls are 
strong and noncollapsible, and it is autogenous. 

Since the majority of the cases of hydrocephalus are communicating, 
my method is aimed at this type of the condition. The procedure may 
be described as follows : 

After studies have been made, on admission, to determine the 
existence of a communication of the spinal subarachnoid space with 
the ventricles, the primary operation should be carried out. This should 
consist of the transplat ation of a strip of skin, 1.5 cm. wide and as long 


as possible, under the rectus fascia. In experiments on dogs, I found it 
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useful to made the ends of the strip of skin somewhat wider than the 
main portion, in order to have a funnel effect for implantation. 

This procedure is a rather extensive and tedious one, but being 
wholly superficial, should be borne well even by the usual puny hydro- 
cephalic infant. 




















Fig. 11—Appearance of epithelium-lined tube, thirty-two days old, being raised 
from the rectus muscle; 4 represents a cross-section of this tube, showing the 
epithelial lining, which has a rough appearance because of exfoliated epidermis and 
the growth of hair (after Davis and Traut”). 


While waiting for the tube to form, every effort should be made to 
improve the child’s condition before the second operation. Repeated 
lumbar puncture or ventricular punctures should be done and treatment 
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with theobromine sodiosalicylate carried out after the manner of 
Marriott. 

At the second operation, four weeks after the first, the epidermis- 
lined tube is dissected out through the scar of the previous incision, with 
the greatest dispatch possible, since the muscle adherent to it tends to 
cause it to shrink. The funnel-shaped lower end of the tube is implanted 
into the peritoneum as far laterally as possible—the triangle of Petit may 
be reached by retracting the skin laterally at the lower end of the wound. 
A 2 inch (5 cm.) incision is then made over the lumbar spine. By 
passing a curved clamp under the subcutaneous fascia from here into the 
lower end of the first wound, the upper funnel-shaped end of the 
epithelial tube may be grasped and pulled through to the back. A 
laminectomy should next be made over perhaps two vertebrae, and the 
tube-end anastomosed with a slit in the dura. The child’s hips should 
be elevated above the level of its head before the dura is opened in order 
to prevent the fluid from escaping too fast. Both incisions should then 
be closed and a small drain put into the lower end of the first wound 
because of the large dead space left subcutaneously. 

While the opportunity to carry out this operation on a human being 
has not as yet presented itself to me, I have gone through the maneuvers 
several times in dogs. The technical procedure is certainly not difficult, 
and should be less so in the human subject. In the dog, even over the 
abdomen, the skin is hairy, and the growth of hairs within the tube tends 
to narrow its lumen. In the second place the vertebral laminae are 
relatively much thicker in the dog than in the human being. Again, 
the dog’s dura lies so close on its leptomeninges that its spinal subarach- 
noid space is hardly more than a potential one. Finally, in the absence 
of hydrocephalus—so far only healthy dogs have been used—insufficient 
stimulus exists to keep the ends of the tube open. 

In view of these handicaps when healthy dogs are subjected to these 
procedures, the following protocol is sufficiently encouraging not only 
to cause one to continue the experiments—perhaps previously producing 
communicating hydrocephalus in the dogs by the method of Dandy **— 
but eventually to apply the operation in suitable cases in man: 


On April 12, 1928, a young female airdale was placed under morphine and ether 
anesthesia. After the skin over the abdomen had been shaved and washed with 
soap and water, benzene, alcohol and ether, it was painted with mercurochrome-220 
soluble.* A strip of skin 1 cm. wide, except at the two ends where it was allowed 
to flare a bit, and about 20 cm. long was implanted under the rectus fascia by the 
method of Davis and Traut. The dog recovered promptly from the anesthetic and 


* Davis and Traut recommend the following mixture: Alcohol, 95 per cent, 
55 cc.; acetone, 10 cc.; mercurochrome, 2 Gm.; distilled water, 35 cc. 
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almost immediately returned to normal activity. On April 20, 1928, the wound was 
healed by first intention, and the animal was in excellent condition. 

On May 10, 1928, the second operation was performed under morphia and ether 
anesthesia. The skin was prepared as before. Through the scar of the previous 
wound the skin tube was dissected out, and the lower end was pulled subcutaneously 
through an incision over the lumbar spine. A laminectomy was done, the dura 
opened and the free end of the tube anastomosed to it. Both wounds were closed. 

On May 17, 1928, the animal was in excellent condition. Both wounds were 
healed, except for a slight stitch abscess in the lower end of the abdominal one. 











Fig. 12—The cordlike outline of the grafted skin tube is brought out by the 
extension of the animal. 


There was a cordlike bulging under the skin corresponding to the position of the 
transplanted tube (fig. 12). 

On June 21, 1928, the condition of the animal continued satisfactory. On the 
day of writing this report, the animal was killed by an overdose of ether, and the 
transplanted tube was examined. It was found to be well preserved and healed 
into place without excessive scar tissue. The lumen was patent throughout its 
extent. The spinal end was still in communication with the subarachnoid space, 
although the opening was only about 1 mm. in diameter. The peritoneal terminal 
of the tube was closed over by a delicate layer of omentum. 
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COMMENT 


Hardly any other pathologic condition has been accorded more deter- 
mined attention on the part of the medical profession with the aim of 
finding a cure for it than has hydrocephalus. And in hardly a single 
other condition have cures been so illusive or so often wrecked on 
purely mechanical obstacles. Yet the outlook is certainly not hopeless. 
Especially during the past twenty years, during which surgery of the 
nervous system has improved so remarkably, frequent reports of cures 
by surgical means have appeared. 

Since the mechanics of the circulation of the cerebrospinal fluid and 
their pathologic alterations in hydrocephalus have been better under- 
stood, the failures based on the choice of a wrong type of operation for 
a given case have markedly decreased. The difficulty at the present 
time with the operations, though logically conceived in relation to the 
mechanism of the liquor circulation, is that they often fail to take into 
consideration the reaction on the part of the body toward the newly 
established pathways and toward the material utilized in establishing 
these pathways. For example, the various operations to drain the ven- 
tricular fluid into the subaponeurotic tissue of the scalp are logical in 
certain types of cases of hydrocephalus; their failure comes about 
through the fact that the absorptive power of the subcutaneous tissue 
is rapidly lost. Cushing explains this loss in the following way: 


The scalp at first (immediately following the operation) becomes widely 
edematous, but in the course of a few days the edema gradually. subsides, and 
finally a circular pool of fluid a few centimeters in diameter is all that remains. 
This disc-like subaponeurotic pool, which continues in free communication with the 
ventricle, becomes promptly lined with a layer of glistening serosal cells, like 


those lining the dura, which are impervious to the further escape of fluid into the 
tissues. 


The connection of the cerebrospinal fluid spaces with the blood 
stream by means of transplanted vessels is also theoretically correct. But 
the vessels collapse or the artificial tubes behave like foreign bodies. 

The most promising results thus far obtained have been those fol- 
lowing the establishment of a connection between the spinal subarachnoid 
space and the peritoneal cavity in the communicating type of hydro- 
cephalus. Cushing’s results, although never published in extenso, have 
been promising. Fowler’s case, done according to Cushing’s technic, 
has been a complete success. Heile’s reports have been the most hopeful 
in recent literature. 

Several difficulties, however, remain to be solved. In the first place, 
is it physiologically safe to permit the spinal fluid to pour into the peri- 
toneal cavity? Dr. Cushing’s experience many years ago, already men- 
tioned, when two or three babies died of intussusception following his 
operation, led him to believe that the procedure was not safe because of 
the presence of pituitary secretion in the cerebrospinal fluid. At that 
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time, the demonstration of pituitary substance in the cerebrospinal fluid 
was new, and its importance may have been overestimated. It is now 
known that the quantity of pituitary secretion in the cerebral fluid is 
small. Moreover, Meztrezat “* recently showed that while traces of it 
are present in the fluid of the ventricles, by the time the liquor has 
reached the spinal subarachnoid space no trace of pituitary substance is 
demonstrable. There have been, moreover, only two or three cases 
in which death followed as a result of intussusception after the spinal 
fluid had drained into the peritoneum ; whereas at least twenty cases have 
been reported in the literature in which such an operation was done. 

The large percentage of cures reported among cases of communi- 
cating hydrocephalus treated by drainage of the spinal subarachnoid 
space into the peritoneum must be taken as an answer to the possible 
objection that any tube sutured into the dura fails, in the strictest sense, 
to drain the subarachnoid, as distinct from the subdural, space. During 
the operation an opening is, of course, made in the arachnoid membrane. 
But the breech repairs itself rapidly. It is a fact, however, that a cer- 
tain amount of fluid circulates in the subdural space, showing that the 
thin arachnoid membrane is permeable to the fluid. Thus a pathway 
leading from the subdural space indirectly drains off the subarachnoid 
fluid as well. A similar permeability may be demonstrated through the 
thin peritoneal or omental membrane, which rapidly closes over the 
peritoneal opening of any connecting tube. 

Granting the safety of the procedure on physiologic grounds, the 
choice of the type of operation must next be considered. Heile’s latest 
method of taking out a kidney, which, by the way, avoids the diversion 
of the fluid into the peritoneum, is, in the first place, too drastic, and in 
the second, lays the cerebrospinal fluid spaces open to all the dangers 
of infection to which the genito-urinary system is subject. Thus far the 
simplest procedure, and the one which promises the most, is the one of 
Heile in which he connects the spinal canal with the peritoneum by means 
of a rubber tube (see fig. 8). The only difficulty is that the 
tube is not tolerated by the system. The operation suggested by me is 
applicable only to the communicating type of hydrocephalus. It, also, 
consists of the establishment of a communication between the spinal 
subarachnoid space and the peritoneal cavity. The connecting pathway, 
however, is a strong-walled, epithelium-lined, autogenous tube prepared 
from the patient’s own skin. 
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CEREBROSPINAL FLUID CHANGES IN COMPOSITION 
AND DRAINAGE AFTER INTRAVENOUS ADMIN- 
ISTRATION OF VARIOUS SOLUTIONS * 


R. G. SPURLING 


An isolated clinical observation led to the study, in the experimental 
laboratory, of some of the effects produced in the cerebrospinal fluid 
by continuous subarachnoid drainage. The case in question was one 
of meningeal infection; treatment consisted in creating a lumbar sub- 
arachnoid fistula. The intake of fluid was kept constantly between 
4000 and 5000 cc. per twenty-four hours. The drainage of spinal fluid 
was estimated as 800 or 1000 cc. per day; this figure was obtained by 
weighing the dressings before and after saturation. The urinary out- 
put during the time that the spinal fluid escaped was from 1600 to 
2000 cc. every twenty-four hours. After the spinal fistula healed, it 
was found that the urinary output increased approximately 1 liter, 
when the total intake of fluid and the other conditions remained essen- 
tially the same. These observations led to the belief that large quan- 
tities of water and perhaps of other inorganic and organic substances 
are eliminated through the cerebrospinal fluid spaces, in the presence 
of free drainage. 

Various observers! have concluded, chiefly from deduction, that 
there is a direct relationship between the water content of the circulating 
blood and the amount of cerebrospinal fluid produced. These deduc- 
tions, in the main, have been based on studies of the pressure of the 
cerebrospinal fluid after the forced administration of fluid. These 
pressure changes themselves, however, since the cerebrospinal fluid 
system is closed, may produce changes in both the production and the 
reabsorption of the fluid. A more direct estimation of the amount of 
cerebrospinal fluid formed under varying conditions of water intake 
may be arrived at by the study of the quantity of fluid drained, espe- 
cially when there is continuous drainage through a large needle which 
reduces changes in intracranial pressure to a minimum. Another 
advantage of studies of drainage over those of pressure is that rela- 


*From the Laboratory for Experimental Surgery, University of Louisville 
School of Medicine. 


* This investigation has been assisted by a grant from the Ella Sachs Plotz 
Foundation. 

1. Foley F. E. B., and Putnam, T. J.: The Effect of Salt Ingestion on 
Cerebro-Spinal Fluid Pressure and Brain Volume, Am. J. Physiol. 53:464, 1920. 
Fremont-Smith, F.: The Nature of the Cerebrospinal Fluid, Arch. Neurol. & 
Psychiat. 17:317 (March) 1927. Weed: The Cerebrospinal Fluid, Physiol, Rev. 
2:171, 1922. 
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tively large amounts of fluid are available for physical and chemical 
studies without interference in any way with the experimental condi- 
tions. Such analyses give important information about the nature of 
the mechanism responsible for the production of cerebrospinal fluid. 


The attempt has been made, therefore, by the intravenous injection 
of solutions of different concentrations, to correlate the variations in 
quantity, specific gravity and chemical composition of the cerebrospinal 
fluid drained with the changes that occur in the blood. 


METHODS 


All the experiments were performed on dogs. Sodium barbital, 0.3 Gm. per 
kilogram of weight, was injected intravenously one hour before the operation. 

Continuous drainage of cerebrospinal fluid was instituted at the cisterna magna. 
The occipito-atlantoid ligament was exposed by a straight midline incision. The 
heavy muscles of the neck were separated by a small self-retaining retractor. A 
no. 10 gage needle (4 cm. long with a short bevel) was carefully inserted through 
the midline into the subarachnoid space. Fluid escaped continuously throughout 
the experiment. When the first large quantity of fluid escaped, it was collected 
in small graduated cylinders (5 cc.) at intervals of five minutes. After each 
period, the fluid drained was measured and recorded; then it was transferred to 
small clear test tubes, which were tightly stoppered. Determinations of the specific 
gravity and such chemical analyses as were made were done within two hours after 
the fluid was collected. 

Simultaneous readings of the specific gravity were made on the whole blood 
in some of the experiments. All determinations of the specific gravity, whether of 
the blood or of the cerebrospinal fluid, were made by the falling drop method of 
Barbour and Hamilton,? which has been found to be reliable and simple. It is 
accurate to one point in the fourth decimal place in the hands of those experienced 
with the method. 

The intravenous injections used were: a 50 per cent dextrose solution, 15 per 
cent, and 0.45 per cent sodium chloride solutions, Ringer’s solution and distilled 
water, all prepared with chemically pure materials dissolved in fresh double 
distilled water. 

RESULTS 


For the sake of clarity, the results are given and discussed under 
headings corresponding to the type of solution injected into the blood- 
stream: isotonic, hypotonic and hypertonic. 

Isotonic Solutions—When Ringer’s solution was injected into the 
blood stream there was a prompt increase in the amount of cisternal 
fluid drained. The dicephalesis produced was in direct proportion to 
the amount of the solution and the rapidity with which it was given. 
The injection of 125 cc. of Ringer’s solution (6 cc. per kilogram) during 
a period of twelve minutes produced a moderate increase in the drainage ; 
the output of cisternal fluid approximately doubled during the period 


2. Barbour, H. G., and Hamilton, W. F.: The Falling Drop Method for 
Determining Specific Gravity, J. Biol. Chem. 69:625, 1928. 
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which began with the injection and ended five minutes later (fig. 2). 
When large amounts of Ringer’s solution (475 cc. during a period of 
from five to six minutes) were given, the drainage of fluid was increased 
from fourfold to fivefold in ten minutes, including the time of injection. 
This increase was of short duration, the normal rate of flow being 
reestablished in from fifteen to twenty minutes (figs. 1 and 2). 

The intravenous injection of 475 cc. of Ringer’s solution in five 
minutes produced a 12 per cent dilution of the whole blood. The 
maximum dilution occurred within the five minute period of the injec- 
tion. As soon as the dilution of the blood began, the increase in drain- 
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Fig. 1—Changes in the specific gravity of the whole blood and the cerebro- 
spinal fluid drained after the intravenous injection of Ringer’s solution in a collie 
dog weighing 22 Kg. The line of solid circles represents the specific gravity of 
the blood; the line of open circles, the cerebrospinal fluid drained. In this and 
the following charts, the numbers on the left side of the vertical scale measure the 
specific gravity, and those on the right side, the number of cubic centimeters; the 
horizontal scale gives the numbers of minutes required for the experiment. The 
heavy black area along the horizontal scale represents 475 cc. of Ringer’s solution. 


age started. Both the dilution and the dicephalesis reached the 
maximum at about the same time (fig. 1). 

When the drainage was most rapid and the blood most diluted, the 
specific gravity of the cisternal fluid was lowest (figs. 1 and 2). This 
would indicate that a substance, presumably newly formed fluid, had 
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entered the cerebrospinal spaces which contained more water and less 
solids than the fluid contained before the injection began. These 
changes were to be expected since the blood contained more water, as 
shown by the 12 per cent dilution during this period. 

Hypotonic Solutions—Small quantities of distilled water given 
intravenously (up to 7 cc. per kilogram) produced little increase in 
the drainage of cisternal fluid (figs. 3 and 5). The increase occurred 
regularly but was small in amount. The magnitude of the response 
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Fig. 2—Changes in the specific gravity of the cerebrospinal fluid and the amount 
drained after the slow and rapid administration of Ringer’s solution administered 
intravenously to a long-haired cur, weighing 20.4 Kg. The line of open circles 
represents the amount of cerebrospinal fluid drained; the line of solid circles, the 
specific gravity of the cerebrospinal fluid. The three black areas along the hori- 
zontal scale indicate, respectively: 125 cc. of Ringer’s solution, 475 cc. of Ringer's 
solution, and 40 cc. of distilled water. 


would not compare in any way to that obtained from equal amounts of 
Ringer’s solution or hypotonic sodium chloride solution. 

The specific gravity of the blood was little affected by the injection 
of small amounts of distilled water (7.5 cc. per kilogram). There was 
a slight dilution for a period of fifteen minutes, the maximum dilution 
being 4 per cent. 
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The specific gravity of the cerebrospinal fluid in these experiments 
did not show any recognizable change (figs. 3 and 5). 

It would seem, therefore, that small amounts of distilled water (up 
to 7 cc. per kilogram) injected into the blood stream produce little change 
in the blood and cisternal drainage and no recognizable change in the 
specific gravity of the cerebrospinal fluid. Why distilled water in this 
amount failed to influence these factors, when similar amounts of 
Ringer’s solution and half normal sodium chloride solution did so, I am 
unprepared to say at this time. 
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Fig. 3—Changes in the specific gravity of the cerebrospinal fluid and amount 
drained, after the administration of distilled water and a 50 per cent dextrose solu- 
tion intravenously to a long-haired cur weighing 20.4 Kg. The line of open 
circles represents the amount of cerebrospinal fluid drained; the line of solid 
circles, the specific gravity of the cerebrospinal fluid. The black areas along the 


horizontal scale represent, respectively: 40 cc. of distilled water, and 100 cc. of a 
50 per cent solution of dextrose. 


Hypotonic solutions of dextrose and sodium chloride produced the 
same type of response in the blood and cerebrospinal fluid as did 
Ringer’s solution (fig. 4). The increase in cisternal drainage depended 


directly on the amount of the solution and the rapidity with which it 
was given. 
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Hypertonic Solutions——The intravenous administration of a 50 per 
cent dextrose or a 15 per cent sodium chloride solution produced a 
temporary increase followed by a profound decrease in the amount of 
cisternal fluid drained. Five cubic centimeters per kilogram of a 50 per 
cent solution of dextrose caused such a marked fall in the output of fluid 
that prolonged jugular pressure was required to obtain sufficient fluid 
for analysis (figs. 3 and 4). Seven cubic centimeters per kilogram of 
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Fig. 4—Changes in the composition, specific gravity and drainage of the 
cerebrospinal fluid after the intravenous administration of Ringer’s solution, and 
solutions of dextrose and sodium chloride to a long-haired cur weighing 20.4 Kg. 
The line of solid circles indicates the amount of cerebrospinal fluid drained; the 
line of open circles, the specific gravity of the cerebrospinal fluid, and the line of 
broken circles, the number of milligrams of sugar in the cerebrospinal fluid. The 
black areas along the lower scale represent, from left to right: 400 cc. of Ringer’s 
solution, 100 cc. of a 50 per cent solution of dextrose, and 200 cc. of a 0.45 per 
cent solution of sodium chloride. 


a 15 per cent solution of sodium chloride, after a primary increase, 
stopped the flow of fluid entirely even after prolonged jugular pressure 
was applied (fig. 5). If, however, Ringer’s solution or hypotonic 
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saline was given intravenously at the time when drainage ceased, fluid 
‘was obtained again in great abundance (fig. 4). 

When this small amount of markedly hypertonic solution was intro- 
duced into the blood stream, there was an almost instantaneous fall in 
the specific gravity of the whole blood and serum. A 15 per cent dilu- 
tion was observed repeatedly. This dilution can be accounted for only 
by the assumption that the hypertonic solution concentrated the blood 
sufficiently to draw water in large amounts from the soft tissues into 
the blood stream.* During the period of maximum dilution of the 
blood, the cerebrospinal drainage increased. As the excess water was 
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Fig. 5—Changes in the drainage and specific gravity of the cerebrospinal fluid 
after the intravenous administration of distilled water and a solution of sodium 
chloride to a long-haired cur weighing 13 Kg. The line of open circles represents 
the amount of cerebrospinal fluid drained; the line of solid circles, the specific 
gravity of the cerebrospinal fluid. The heavy black areas along the lower scale 
represent, respectively : 90 cc. of distilled water, and 100 cc. of a 15 per cent solution 
of sodium chloride. 














removed from the blood, the cisternal drainage decreased (compare 
with fig. 1). 


3. Kinsman, J. M.; Spurling, R. G., and Jelsma, F.: Blood and Cerebro- 
Spinal Fluid Changes After Intravenous Injection of Hypertonic Solutions, Am. J. 
Physiol. 84:165, 1928. 
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After intravenous injections of hypertonic dextrose and sodium 
chloride solutions, there was a prompt increase in the specific gravity 
of the cerebrospinal fluid. The concentration was frequently as high 
as eleven points in the fourth decimal place (figs. 3, 4 and 5) With 
the increase in concentration of the fluid, the drainage decreased. At 
the point at which the fluid almost ceased to drain, the concentration 
was greater. 

Concentration of the fluid was first observed following the intra- 
venous injection of a 50 per cent dextrose solution. Quantitative sugar 
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Fig. 6.—A comparison between the specific gravity of the cerebrospinal fluid 
(fig. 4) and that of a solution prepared by mixing with Ringer’s solution quantities 
of dextrose found by analysis to be identical with those contained in the samples 
of cerebrospinal fluid. A long-haired cur weighing 20.4 Kg. was used for the 
experiment. The line of open circles represents the cerebrospinal fluid; that of 
solid circles, the synthetic solution. The heavy black areas on the horizontal scale 
represent, from left to right: 400 cc. of Ringer’s solution, 100 cc. of a 50 per cent 
solution of dextrose, and 200 cc. of a 0.45 per cent solution of sodium chloride. 


analyses of the samples of fluid revealed an increase in the sugar content 
in five minutes after the injection began. In ten minutes, the sugar 


content of the fluid had increased from 66.6 mg. to 357 mg. per hundred 
cubic centimeters. 
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If the increase in the specific gravity of the fluid was entirely due to 
the addition of sugar, one should be able, knowing the sugar content 
of each cerebrospinal sample of fluid, to prepare a solution which would 
give specific gravity readings identical with those of the fluid samples 
themselves. Such a series of dextrose solutions was prepared, in which 
Ringer’s solution was used as a solvent. (Ringer’s solution has nearly 
the same specific gravity as the normal cisternal fluid.) The specific 
gravity readings on the cisternal fluid and the synthetized fluid were 
almost identical until the injection of dextrose (fig. 6). At this point 





Fig. 7—An x-ray picture of a dog’s head. After the intravenous injection of 
100 ce. of a 15 per cent solution of sodium chloride, air was drawn through the 
cisternal needle into the ventricular system spontaneously, thus giving an outline 
of ventricles in the roentgenogram. The outline of the ventricles was retouched 
on the original film. 


the specific gravity of the cisternal fluid was consistently higher than 
that of the synthetized mixture. This would indicate another factor 
than the addition of dextrose to explain this concentration. Presumably 
the cerebrospinal fluid becomes concentrated not only from the absorp- 
tion of dextrose but also from the loss of water. When hypertonic 
sodium chloride was injected into the blood stream, it appeared in the 
cerebrospinal fluid in the same manner as dextrose. 
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Another interesting observation was forthcoming from the experi- 
ments with hypertonic solutions. In one animal a perfect ventriculo- 
gram was produced by giving a 15 per cent sodium chloride solution 
intravenously in the presence of a freely draining cisterna magna 
(fig. 7). Soon after the sodium chloride solution was given, the drain- 
age ceased. Prolonged jugular pressure failed to produce fluid. A 
sound of suction was heard as of air entering the needle. An x-ray 
picture of the dog’s head was made, twenty-five minutes after the saline 
was given, and the ventricular system was plainly outlined. None of 
the air could be seen in the subarachnoid space except at the cisterna 
magna. 

The presence of air in the ventricular system may be explained in 
three ways: 1. There is a continued or possibly increased absorption 
of fluid through the normal channels, without a comparable production. 
2. There is an actual reversal of flow through the choroid plexus (an 
osmotic effect). 3. The effect of both of these factors may be aug- 
mented by shrinking of the brain, a result which is well known to follow 
hypertonic injections. 

COMMENT 


Dialysis is generally accepted as responsible for the production of 
cerebrospinal fluid. The experiments under discussion add further 
weight, possibly, to the evidence that supports this theory. 

A balance may be said to exist between the hydrostatic pressure 
forcing fluid out of the capillaries and the osmotic pressure attracting 
fluid into the capillaries. By the reduction of the pressure of the cere- 
brospinal fluid this balance is altered, since the effect of hydrostatic 
pressure is increased. More fluid escapes from the capillaries, and, as 
will be seen, the capillaries become increasingly permeable to substances 
which they ordinarily hold back. 

The rapidity of the interchange of water and solids between the 
blood and cerebrospinal fluid is the most striking feature of these 
experiments. 

The part which continuous drainage plays in these phenomena is as 
yet imperfectly determined. It is interesting to compare the foregoing 
observations with those of Fremont-Smith® as to the time at which 
dextrose appears in the cerebrospinal fluid after its intravenous admin- 
istration. He found that when the subarachnoid system is closed, 
dextrose does not appear in increased amounts until one or two hours 
after its intravenous administration. In the present experiments, in the 


4. Fremont-Smith (footnote 1, second reference). 


5. Fremont-Smith, F., and Daily, M. E.: The Normal and Abnormal Quanti- 
tative Sugar Content: The Human Cerebrospinal Fluid, New York, Paul B. 
Hoeber, Inc., 1924, p. 104. 
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presence of free drainage, dextrose appears in the fluid in large amounts 
a few minutes after its introduction into the blood stream. 

Sodium chloride apparently passes the barrier of the cerebrospinal 
fluid with equal facility. Whether drugs with larger molecules than 
dextrose and sodium chloride contain will pass into the cerebrospinal 
fluid, in the presence of free drainage, will be the subject of a future 
communication. It would seem probable from the work done thus far 
that the permeability of the choroid plexus and the perivascular spaces 
is increased when there is a freely draining subarachnoid space. 

From the clinical point of view, continuous drainage of cerebrospinal 
fluid with dicephalesis has proved of inestimable value in the treatment 
for certain infections of organs of the central nervous system.® Pre- 
sumably the beneficial effects are the result of provision for escape of 
the inflammatory products and continuous lavage of the subarachnoid 
space by an increased production of fluid. 


SUMMARY 


Experiments were performed on dogs with a freely draining cis- 
terna magna. 

Isotonic solutions injected intravenously diluted the blood, increased 
the drainage and diluted the cerebrospinal fluid. 

Hypotonic solutions produced the same general effects as did 
Ringer’s solution. The results of injecting distilled water were some- 
what paradoxic. 

Hypertonic solutions at first produced dilution of the blood and 
increased drainage. This effect on the drainage was immediately 
reversed. The cerebrospinal fluid became concentrated through absorp- 
tion of the injected substance and loss of water. During the course of 
one of these experiments, air was drawn into the ventricles spon- 
taneously and a ventriculogram was taken. 

Theoretical bearings and clinical applications of these observations 
are discussed. 


6. Kubie, L. S.: Forced Drainage of Cerebrospinal Fluid in Relation to 
Treatment of Infections of the Central Nervous System, Arch. Neurol. & Psychiat. 
19:997 (June) 1928. Spurling, R. G.: The Surgical Treatment of Meningitis, 
Kentucky M. J. 26:242, 1928. 


Tel * 
pay 
SG SR AS 






























ee a 


eget 


Rice 











MASTOIDITIS IN ACUTE NUTRITIONAL 
DISTURBANCE * 


LYMAN RICHARDS 


Among the many factors contributing to the present infant mortality, 
there persists today a symptom-complex, the death rate from which is 
appallingly high. I refer to the clinical entity known here in Boston as 
acute nutritional disturbance. It presents the picture of a previously 
well and happy infant who, often within the space of a week, is precipi- 
tated into a most prostrating illness, characterized by fever, diarrhea, 
vomiting, dehydration and loss of weight. The condition is analogous to 
the older disorders known as “summer diarrhea,” “summer complaint,” 
“cholera infantum” and acute enteritis. 

Etiologically, there are three basic disorders responsible for the pro- 
duction of the same clinical group of symptoms: (1) improper feeding, 
(2) a true enteric infection restricted to the gastro-intestinal tract 
and (3) a para-enteral infection characterized by a focus outside the 
gastro-intestinal tract. It is therefore obviously essential to determine 
which of these three conditions is present before rational therapy can 
be applied. In this paper I shall deal primarily with the para-enteral 
group and the relation of the symptoms to the suspected focus of 
infection. 

The location of this focus, depending somewhat on postmortem 
examination, has been variously placed in the lungs, kidneys or in any 
other organ that showed evidences of acute infection. Such obser- 
vations, however, have been of little avail in furthering or improv- 
ing the treatment for this distressing condition, and pediatricians have 
continued to rely on the varied therapeutic aids, such as ideal diets, 
administrations of para-enteral fluid and transfusions. 

Suddenly, about three years ago, certain western otologists advanced 
the hopeful and novel suggestion that the suspected focus of infec- 
tion might lie in the middle ears and mastoids. This suggestion had its 
fundamental basis in the discovery that at postmortem examination 
many of these infants showed purulent secretions in these structures. 
Forthwith, the most acute attention was devoted to the otoscopic exami- 
nation of these babies; incision of the drum membrane was carried out 
when infection of the middle ear was in any way suspected, and gradu- 
ally enthusiasm extended to the opening of the mastoid antrum in 
patients who failed to show improvement after simple drainage of the 
middle ear. Reports of this procedure were encouraging, and the work 
was gradually taken up in other parts of the country, among them, 
Boston. 


* From the Otolaryngological Department of the Children’s Hospital 
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For the past three years at the Children’s Hospital, this work has 
been pursued hopefully and patiently, perhaps also a little skeptically. 
The pediatric staff has cooperated closely, and an attempt has been 
made to hold a broad and balanced view of the condition as a whole. 


AURAL FEATURES OF ACUTE NUTRITIONAL DISTURBANCES 


As a basis of this summary, I have selected reports of 100 cases 
which were filed under the diagnosis of acute nutritional disturbance, 
the incidence of aural features being entirely disregarded. I did this 
with a view to discovering, first, how frequently aural complications 
occurred in these cases ; second, the varied outcome of those which were 
so complicated and those which were not; and particularly, the results 
that followed actual surgical treatment for otitis media when present. 

In this group of 100 patients, 31 recovered and 69 died, a mortality 
of 69 per cent. The cases cover an approximate period of two years, 
with 63 per cent falling within the months of August to November and 
the rest scattered throughout the year. The average age of the babies 
was 6% months, the younger ones showing a somewhat higher rate of 
death than the older ones. 

Of the infants who recovered, there was no evidence in the family 
history to suggest that the infection was contracted from another child. 
In the family histories of those who died, there appear no less than 
four instances in which a twin of the patient either died within a few 
days or was suffering from the same symptoms, a fact certainly sugges- 
tive of some common source of infection. 

Statistically, the infants who weighed most at birth and who were 
fed longest on the breast tended to recover more frequently, and as far 
as subsequent feeding was concerned, the babies who recovered oftenest 
had had the least trouble with their formulas and had gained normally. 

The onset of illness was essentially sudden in all but a few cases, 
with an average duration of symptoms before entrance of from six 
to seven days for all babies, regardless of outcome. This precipitous 
change from a well baby to a desperately ill one in such a short time was 
a feature of striking frequency. 


SYMPTOMS 


Regardless of the outcome, the vast majority of the children com- 
plained on entrance of diarrhea and vomiting. Sometimes these two 
complaints were equally distressing ; more often, one symptom antedated 
the other or exceeded it in severity. In addition, there were numerous 
patients in whom recent loss of weight was noted, and others with 
convulsions, high fever or loss of appetite. Once started, the vomiting 
was apt to be severe and not infrequently projectile. 
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In only three instances was there any initial complaint of otitis 
media or discharge from the ear. From the parents’ point of view, 
the ears attracted no attention from the gastro-intestinal symptoms. 


PHYSICAL SIGNS 

The outstanding physical signs mentioned in almost all of the 
records of these babies concerned their external appearance. Again and 
again one reads the description of extreme prostration, an ashy gray 
color, sunken eyes, an anxious, restless look, dehydration and all the 
evidences of an acutely prostrating illness of the gravest degree. 

For otologists, interest in this problem centers about the causal 
relationship of infection of the middle ear to the general condition of 
nutritional disturbance. The vital question may be put as follows: 
Is an existing or latent infection of the middle ear the primary inciting 
cause of these systemic symptoms; is it a contributing factor, at times 
powerful enough to turn the balance against recovery; or is it simply 
a secondary complication, resulting from generally lowered resistance 
and occurring in a locality in which infection is notoriously common 
in infants? 

If it is the inciting cause, nothing is so important as that it be 
recognized at the earliest possible moment and the patient immediately 
treated in the hope of warding off the tragic sequelae which are only 
waiting a chance to follow. If it is contributory, it should again be 
recognized and the patient treated as soon as possible in order to 
lighten the load on the already heavily burdened system. If, however, 
infection of the middle ear is a secondary complication, much like 
bronchopneumonia or septicemia, one must feel far less enthusiastic 
about any radical operative procedures in a patient already beyond the 
aid of the ordinary measures available in this desperate condition. 

What, then, was found at the initial otoscopic examination of these 
babies when they were admitted to the hospital with prostration, 
dehydration, projectile vomiting, and with from five to fifteen stools 
a day? 

Among the thirty-one patients who recovered there were fourteen 
with normal drums, fifteen in which one or both drums showed only 
redness or congestion, and two with redness and bulging. Of the 
sixty-nine who died, there were twenty-nine with normal drums, twenty 
with evidence of congestion, seven with redness and bulging and eight 
with discharge and perforation. These were the original otoscopic 
signs. Some allowance must be made for their absolute accuracy, 
as they were made by pediatricians who were naturally not always 
appreciative of slight deviations from the normal. Nevertheless, in 
most instances, the data were sufficiently accurate to bear out the fact 
that in a high percentage of cases, the infection of the middle ear at 
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the time of entrance had not advanced to the point of evidencing the 
normal criteria for true infectious otitis media. I am thoroughly aware 
that other investigators have pointed out the fact that in this disease- 
complex one does not find the customary generalized redness and 
bulging that denote the ordinary acute otitis media and that one must 
rely on less obvious symptoms in suspecting an involvement of the 
middle ear. Numerous cases which I myself followed with daily 
otoscopic examinations have convinced me that at the time of entrance 
to the hospital and in the presence of the most severe systemic symptoms, 
it was often impossible to establish the existence of a true otitis media 
which manifested itself only at a later date. 

After examination what treatment was employed in the patients 
who came under the foregoing classification? In the group that 
recovered, all drums with bulging were incised soon after the patients’ 
admission to the hospital, as were 75 per cent of the drums which 
showed only congestion. 

In view of the outcome, it is natural to interpret the effect of 
incision of these reddened drums as highly successful. However, 
another smaller group of patients in the same class, whose ears were 
not opened, likewise did well. All of these patients meanwhile received 
the utmost care from the point of view of feeding, clyses and trans- 
fusions. Incision of a drum membrane which had an appearance in any 
way suggestive of infection was simply one added therapeutic measure 
undertaken in the hope of preventing the dreaded upset in balance 
between gradual recovery and a fatal issue. Whether the incisions in 
these reddened, congested drums were necessary, whether in every 
instance they were of any real value, is open to question. They were 
made in drums which, judged by the usual standards of otologists, 
would have been left undisturbed and free to undergo the normal 
convalescence which one is accustomed to see so often in patients whose 
only symptoms are referred to the ear. 

How, then, are otologists to estimate the indications for, and the 
value of, incision of the drum in these cases? The fact that some 
drums reported to be normal on admission were found subsequently to 
present evidences of infection and to require incision leads one inevitably 
to the conclusion that everything possible should be done to prevent such 
a secondary complication, lest the addition of this infection should 
prove to be the final straw which turns the balance against recovery. 
If incision of even a suspicious looking drum will achieve this end, it 
is indicated at the earliest possible moment. If subsequent events, such 
as entire lack of drainage or a rapid return to the appearance of a 
normal drum, prove the incision to have been unnecessary, nothing has 
been lost, though the question still remains as to whether incision of a 
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congested but bacterially uninfected drum cannot immediately pave the 
way for an acute infectious otitis media. 

Comment should be made on the fact that in only 8 of these 100 
patients was any discharge present from an existing acute otitis media. 
In these 8, it is possible to visualize a severe infection of the middle 
ear which had previously developed and for some reason occasioned 
such violent systemic reactions as to precipitate the infant into the 
acute nutritional disorder. But how can the fact be explained that in 
92 others the infection of the middle ear had at most reached only 
the stage of a bulging drum and, in by far the greater number of 
instances, had not advanced beyond even the point of congestion of the 
tympanic membrane? There can be only two possibilities. Either in the 
latter cases there is no infection in the middle ear or at most a non- 
infectious congestion, or else subsequent otologic developments are of 
a secondary nature, dependent on lowered resistance and tending only 
to contribute to the severity of the systemic disease already present. 


TREATMENT ON 





ADMISSION OF PATIENTS WHO DIED LATER 


Every drum membrane that showed redness and bulging was incised 
on admission or soon afterward. In spite of the establishment of good 
drainage of a purulent exudate, the procedure here failed to prove 
efficacious. Temperatures refused to drop; vomiting and diarrhea con- 
tinued in spite of all subsidiary measures; weight fell steadily, and 
hope of recovery dwindled. Here the otologist is evidently confronted 
with so severe a toxemia that removing or at least lightening the load 
contributed by the aural infection is not sufficient to swing the tide in 
favor of recovery. It is at just this point that the much discussed and 
recently advocated procedure of mastoidectomy or antrotomy comes up 
for consideration. To this, I will return shortly. 

A word next as to the group of those patients who died whose initial 
otoscopic examination showed either normal drum membranes or simple 
redness or congestion of the drum. (Let it be understood that there 
has been no disregard of the question of a sagging of the canal wall as 
a criterion of infection in the antrum. This important evidence was 
carefully considered in all the patients seen in consultation.) 

Of the patients with normal or congested drum membranes, exactly 
half had one or both drums incised either immediately or within from 
two to fifteen days. The delayed cases were those in which the pro- 
cedure did not seem indicated at the outset, but in which, owing to the 
babies’ failure to improve on other treatment, it was resorted to as a 
possible aid. Here, of course, one cannot refute the criticism that some 
of these patients might have been saved by earlier incision, although 
there were a substantial number treated by immediate incision of the 
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drum who nevertheless died like the rest. Drums which appeared 
equally inflamed were allowed to go untreated in the group of patients 
who recovered. 

In the forty-four patients who had one or both drums opened, 
either at once or within a few days, there was a mortality of 66 per 
cent. In the thirty-six who did not have the drums opened, there was 
a mortality of 60 per cent, a relatively slight difference if one considers 
the potentialities of infection of the middle ear. 

Faced with a patient in whom apparently satisfactory drainage of 
the middle ear was taking place but who was obviously doing poorly, 
what more could the otologist do? Secondary incisions of the drum, 
even the ones in which particular attention was paid to extending the 
incision up into the superior canal wall toward the outer wall of the 
antrum, proved wholly ineffective in the cases reported. Thus, one 
approaches the crux of this matter from an otologic point of view, viz., 
In what cases is drainage of the mastoid antrum indicated; how soon 
should it be performed; what; if any, are the classic indications for it, 
and what results may be expected from it? 

Certainly the procedure as carried out in other clinics has been to 
withhold the mastoid operation until it was definitely seen that simple 
though thorough incision of the drum was not sufficient. The greatest 
difficulty has been precisely at this point. If operation is delayed until 
it is plainly evident that drainage of the middle ear will not suffice and 
a fatality ensues, one must perforce conclude that operation was with- 
held too long. Consequently, one decides to be more alert with the 
next case; the operation is performed at a decidedly early stage, with 
the result that normal antral cells or cells filled only with apparently 
congested mucosa are opened. If a fatal issue follows, it is felt that an 
unnecessary operation was performed which may have been just enough 
of an additional burden to the child to turn the tide of recovery. Let 
me cite some of the results, disappointing as they have been. 


RESULTS OF TREATMENT 

In twelve of this series of 100 patients, single or double operations 
for drainage of the mastoid antrum in acute nutritional disease were 
performed. In these operations the technic recommended by those whose 
results have been more successful was employed, all but one being 
performed under local anesthesia. Three of these patients recovered, 
and nine died. 

Time does not permit a detailed account of the three cases in which 
recovery occurred, but in all of them the pathologic changes found at 
operation were so slight as to justify the opinion that the patient would 
have recovered with simple incision of the drum alone. 
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The nine fatalities were disappointments from a surgical standpoint. 
The operations were done in all stages from early to late and showed 
all the pathologic changes from pale, thickened mucous membrane to 
frank pus. The patients received the utmost in the way of supportive 
treatment both preoperatively and postoperatively, so that it was not 
felt that the mere surgical shock of the operation was a deciding factor. 
The outstanding impression resulting from these operations always 
resolved itself primarily into this: the operation, regardless of whether 
an infected mastoid antrum had been drained or not, did not appear 
to have improved the patient’s general condition to any appreciable 
extent. The feeling was always borne in on us that the babies were too 
sick to benefit by having a subsidiary condition remedied. We were 
forced to the conclusion that if adequate drainage of the middle ear 
would not suffice, at least temporarily, to break the trend of the illness, 
then no amount of treatment of the mastoid would do it either. 

I feel that these experiences with operations on the mastoid have 
been somewhat at variance with those of physicians in the Middle West. 
I can explain this only on the assumption that the acuity of illness of 
the patients has been greater, the course more precipitate, and the 
opportunity to carry them along over a greater period of time has been 
too limited. Reports in which children with acute nutritional dis- 
turbance have benefited by operations on the mastoid one or two 
months after the onset of the illness would scarcely fit the picture of 
my patients, who lived an average of only five days after operation. 

When a baby who is approximately holding his own nutritionally is 
suddenly beset with an infection of the middle ear and threatened 
extension to the mastoid, operation may well prove successful. Two 
thirds of our patients were not holding their own. They were over- 
whelmingly sick, and the evidences of infection of the middle ear which 
so many of them showed appeal to me as those of a secondary infection 
lighting on a defenseless and already overtaxed system, surgical treat- 
ment for which may be locally effective but cannot cure, except 
in such a proportion of patients as can maintain sufficient resistance to 
overcome the infection. In the majority, I believe that adequate incision 
of the drum will be every bit as successful as drainage of the mastoid 
antrum. 

Moreover, I am still seeking an explanation for the fact that among 
a large group of infants who have been treated either in the outpatient 
clinic or in hospital wards for all degrees of otitis media and mastoiditis, 
not one has yet shown any secondary symptoms or signs even approach- 
ing in severity those of acute nutritional disturbance. I cannot rational- 
ize this fact with the theory that otitis media is the primary focus in 
these patients. 
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Autopsies were performed on thirty-four of the sixty-nine patients 
who died. In fourteen of these thirty-four, examination of the head 
was not permitted, but there was found throughout the body a great 
variety of pathologic conditions, too numerous to mention, but capable 
of assuming overwhelming proportions. Some of them were, to be 
sure, probably terminal; but the evidence would seem to be in favor 
of a disease affecting various systems, and it is not unreasonable to 
believe that the middle ears and mastoids become involved in much the 
same way as the lungs or heart or kidneys. From this point of view, 
the otitis media is again the result of secondary invasion, and although 
it contributes its share toward overwhelming the patient, treatment of 
it must not be expected to set matters to rights when other and per- 
haps more serious factors are also at work. 

In the group of twenty patients in whom autopsy of the head and 
hence of the middle ears and mastoid was permitted, three normal 
middle ears and mastoids, ten infections of the middle ears but not the 
mastoids and seven infections of the middle ears and mastoids were 
found. In three of these there had been no incision of the drums, as 
so few local signs were present to call attention to an aural infection. 
Nevertheless, mastoiditis was found at autopsy, a fact which might well 
be interpreted as a failure to treat patients whose condition required 
urgent surgical intervention. But let it be understood that these changes 
in the middle ear and in the mastoid did not represent the only post- 
mortem pathologic processes in these patients whose other organs showed 
the same range of pathologic conditions that was found in the group 
with head restrictions. It is almost certain that in the latter group 
permission for autopsy on the head would have resulted in the dis- 
covery of a like proportion of infections of the middle ear and mastoid. 

In closing, I wish to submit a concrete group of figures which I feel 
are the most illuminating feature of this investigation. They were 
compiled by Dr. Charles MacKhann and Dr. Sidney Farber of the 
Children’s Hospital who made and reviewed postmortem examinations 
of the middle ears and mastoids of 120 infants who died in the hospital. 
Of this total, 60 died with a clinical diagnosis of acute nutritional dis- 
turbance. The remaining 60 covered a wide range of all the other 
possible diagnoses. Of the 60 who had nutritional disturbances, 21 did 
not show any abnormality of either the middle ear or the mastoid, 
while the corresponding figure for the nonnutritional cases was 26, a 
difference of only 8 per cent. Of the 60 nutritional cases, 39 showed 
combinations of pus in either one or both middle ears with or without 
extension into the mastoids. There were 34 instances of infection of 
the middle ear and mastoid in the nonnutritional group, again a 
difference of only 9 per cent. In other words, these infections of the 
middle ear and mastoid discovered post mortem were but a tenth more 
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prevalent in patients with acute nutritional disturbance than in those 
dying from a wide range of other diseases. From these figures, it is 
hard to come to any other conclusion than that infection of the middle 
ear with or without mastoiditis is, in infants at least, a prevalent compli- 
cation in a large number of fatal illnesses, and that the opinion that this 
local aural infection is a factor of peculiar etiologic significance in acute 
nutritional disease is not borne out by these authentic figures. The 
primary or secondary nature of such an otitis media may still be a 
subject for debate. In either case there is no argument as to the value 
of establishing drainage of the middle ear as early as possible. In 
favorable cases in which the patients are not too overwhelmingly pros- 
trated, this may be just enough to turn the tide in their favor arid to 
set them on the convalescent course. In the other patients, I can only 
feel that operations on the mastoid will avail but little if adequate 
incision of the drum has proved futile. 








PROBLEMS IN NORMAL AND IN ABNORMAL 
PHYSIOLOGY OF THE GALLBLADDER * 


LESTER R. WHITAKER 


Knowledge of the physiology of the gallbladder has taken great 
strides during recent years, but there is still much about this apparently 
simple organ that is baffling. It is known that the gallbladder stores 
and concentrates bile during the intervals of digestion and expels it into 
the intestines on demand. But the specific stimulus and the mechanism 
through which the contents of the gallbladder are expelled have not been 
worked out thoroughly. The mechanism for concentration of bile in the 
gallbladder through absorption of water seems simple, but other func- 
tions of the mucosa through which other materials are absorbed 
are not understood. Ordinarily during fasting, the gallbladder is 
distended with concentrated bile which tends to become inspissated if 
the vesicle fails to empty. During this process, varying amounts of 
mucus are secreted. Though one may assume that this mucus tends 
to prevent excessive inspissation or to act as a lubricant to facilitate the 
expulsion of the concentrated bile during digestion, there is no certain 
knowledge of its action. Furthermore, the question as to why the 
function of a gallbladder which has been acting normally becomes so 
altered as to allow the formation of gallstones remains unsolved. 

When the proper stimulus arises, usually as a result of the ingestion 
of food, the contents of the gallbladder are expelled in varying amounts, 
over variable periods of time, according to conditions. Bile may leave 
the gallbladder almost as soon as food leaves the stomach, or its passage 
may be delayed for an hour or more after feeding; it may be rapidly 
and continuously expressed until the vesicle is not only empty, but dry; 
the action may be intermittent, very slight, or absent, especially if the 
condition of the subject be poor. 

Since emptying of the gallbladder is generally associated with feed- 
ing, the question arises, which foods afford the most effective stimulus ? 

In 1923, Boyden’ discovered that feeding a mixture of egg yolk 
and cream would produce emptying of the gallbladder of a cat as deter- 


* From the Laboratory for Surgical Research of Harvard Medical School, 
the Surgical Clinic of the Peter Bent Brigham Hospital, the Laboratory of Experi- 
mental Surgery of the University of Rochester School of Medicine and Dentistry, 
the Surgical Clinic of the Massachusetts Homeopathic Hospital and the Evans 
Memorial for Clinical Research and Preventive Medicine. 

1. Boyden, E. A.: The Gallbladder in the Cat: Its Development, Its Func- 
tional Periodicity, and Its Anatomic Variation as Recorded in Twenty-Five Hun- 
dred Specimens, abstr., Anat. Record 24: 388, 1923. 
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mined by inspection at necropsy. Lean meat had less effect, and rice 
least of all. In 1925, a group of men in the surgical clinic of the Peter 
Bent Brigham Hospital, working with the new Graham-Cole method of 
cholecystography, discovered that a meal rich in fat would produce a 
sudden marked reduction in size of the cholecystogram in man, which 
apparently resulted from discharge of bile into the intestine. These 
workers then found that pure fat was most effective, protein much less, 
and that carbohydrates were apparently ineffective to this end. Further 
investigation showed that in the cat absolute emptying of the gallbladder 
could be produced by feeding pure fat,* that proteins varied in their 
action, though it was generally slight, and that carbohydrates were 
inactive.* : 

There has been much controversy over the question as to whether the 
passage of bile from the gallbladder is an active function of the muscu- 
lature of the vesicle itself or whether it results from extrinsic factors; 
but now it can be said definitely that the contents of the gallbladder are 
expelled chiefly by the contraction of its own musculature, and for the 
following reasons: 

The wall of the gallbladder contains a large proportion of smooth 
muscle the function of which, wherever it may be, is contraction. Its 
contractility in the gallbladder has been repeatedly demonstrated.° The 
question, however, is, can muscular contraction expel the contents of 
the gallbladder? This has been demonstrated roentgenologically (a) by 
the expulsion of iodized oil after the administration of smooth muscle 
stimulants such as barium chloride, (>) by the evidence ‘of contraction 
rings in the vesicle during evacuation of its contents, (c) by the 
appearance of spasm in certain parts or the whole organ while it is 
emptying, (d) by the elongation of the gallbladder during emptying and 


2. Milliken, G., and Whitaker, L. R.: The Clinical Use of Sodium Tetraiodo- 
phenolphthalein for Cholecystography, Surg. Gynec. Obst. 40: 646 (May) 1925. 
Whitaker, L. R.; Milliken, G., and Vogt, E. C.: The Oral Administration of 
Sodium Tetraiodophenolphthalein for Cholecystography, Surg. Gynec. Obst. 40: 
847 (June) 1925. Sosman, M. C.; Whitaker, L. R., and Edson, P. J.: Clinical 
and Experimental Cholecystography, Am. J. Roentgenol. 14: 495 (Dec.) 1925. 

3. Whitaker, L. R.: The Mechanism of the Gallbladder and Its Relation to 
Cholelithiasis, J. A. M. A. 88: 1542 (May 14) 1927. 

4. Krause, W. F., and Whitaker, L. R.: Effects of Different Food Sub- 
stances Upon Emptying of the Gallbladder, Am. J. Physiol. 87: 172 (Nov.) 1928. 

5. Doyon, M.: Mouvements spontanes des voies biliares, Arch. de physiol. 
norm. et path. 5: 710, 1893. Bainbridge, F. A., and Dale, H. H.: The Contractile 
Mechanism of the Gallbladder and Its Extrinsic Nervous Control, J. Physiol. 33: 
138, 1905. Taylor, N. B., and Wilson, M. J.: Observations upon the Contractions 
of the Gallbladder, Am. J. Physiol. 7: 173, 1925. Chiray, M., and Pavel, I.: La 


contractilité de la vesicule biliare, J. d. physiol. et de path. gén. 23: 105, 318 and 
593, 1925. ; 
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relaxation during rest ® (fig. 1), (e) by actual measurements showing 
a marked increase in pressure in the gallbladder after feeding,’ (f) by 
noting in the exposed viscus contraction after feeding, with changes in 
shape and reduction in size,* and also (g) by the observation of peri- 
stalsis in the gallbladder of a fish.* It is especially significant that, as 
I have observed, the gallbladder in the cat can be emptied so completely 
after feeding that it becomes contracted into a hard knot containing no 
fluid. 

One good reason for doubting a passive mechanism for emptying the 
gallbladder is that an effective active mechanism has been demonstrated, 








Fig. 1—Muscular activity of the gallbladder. A shows the resting gallbladder 
in a cat six hours after injection with iodized oil (trilobed organ). B was taken 
ten minutes after feeding egg yolk. Note the elongation of each lobe of the viscus 
as the musculature contracts. C was taken twenty-five minutes after feeding. 
The vesicle appears to be in marked tonus. In D, taken twenty-four hours later, 
the musculature has relaxed and each lobe of the gallbladder has reverted to its 
original shape (Am. J. Physiol. 78: 428 [Oct.] 1928). 


6. Whitaker, L. R., and Boyden, E. A.: Observations on the Physiology of 
the Gallbladder, Am. J. Physiol. 76: 199 (March) 1926. Whitaker, L. R.: The 
Mechanism of the Gallbladder, Am. J. Physiol. 78:411 (Oct.) 1926; also footnote 3. 

7. McMaster, P. D., and Elman, R.: On the Expulsion of Bile by the Gall- 
bladder, and a Reciprocal Relationship with the Sphincter Activity, J. Exper. Med. 
44: 173 (Aug.) 1926. 

8. Higgins, G. M., and Mann, F. C.: Observations on the Emptying of the 
Gallbladder, Am. J. Physiol. 78: 339 (Oct.) 1926. 

9. Higgins, G. M.: Contraction of the Gallbladder in the Common Bullhead 
(Ameiurus Nebulosis), Arch. Surg. 16: 1021 (May) 1928. 
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and another is that if the gallbladder emptied passively it would be the 
only hollow viscus in the body containing smooth muscle to function in 
this manner. However, extrinsic factors as effective expulsive agents 
can be ruled out for the following reasons: (a) pressure changes within 
the abdomen due to respiration, etc., have no effect ;*° (b) elimination 
of the sphincter of the common bile duct by cutting ** or an inlying 
tube 7? or cannula '* produces no emptying by elastic recoil of the viscus 
or otherwise; (c) intestinal peristalsis has no effect, since food material 
can be seen by roentgen examination to pass through the whole alimen- 
tary tract without change in the gallbladder (fig. 2) ; and in the fasting 
animal, with presumably distended gallbladder, physostigmine does not 
produce any change in the cholecystogram ;*! (d) increased flow of bile 
from the liver after giving bile salts does not cause the cholecystogram 
to disappear;*' (e) the cholecystogram becomes more dense as the 
vesicle reduces in size after feeding;** (f) with all hepatic ducts tied 
off, preventing any possible washing-out effect of bile from the liver, 
the gallbladder empties normally and almost completely after feeding.’® 

Having determined that the contents of the gallbladder are expelled 
by contraction of its musculature, I shall discuss the nature, source 
and mechanism of the stimulus which initiates and controls this activity. 

It has long been held that the action is reflex, the stimulus arising 
from the presence of food or acid chyme in the duodenum, and traveling 
over nerves to the gallbladder. This has not been disproved, but the 
weight of evidence is against it. Food and hydrochloric acid and mag- 
nesium sulphate, which is also supposed to act as a reflex stimulant, can 
often be passed through the duodenum without effect on the gallbladder 
(fig. 2) ; the gallbladder can be denervated by cutting all the nerves in 
the gastrohepatic ligament and sectioning the common bile duct, and yet 
exhibit normal emptying after feeding (fig. 3).*° 





10. Sosman, Whitaker and Edson (footnote 2, third reference). Whitaker 
(footnote 6, second reference). McMaster and Elman (footnote 7). 

11. Whitaker (footnote 6, second reference). 

12. Hamrick, R. A.: The Emptying of the Gallbladder: An Experimental 
Study, Am. J. M. Sc. 174: 168 (Aug.) 1927. 

13. Emerson, W. C., and Whitaker, L. R.: The Effect of Eliminating the 
Sphincter of the Common Bile Duct upon Emptying of the Gallbladder, Am. J. 
Physiol. 83: 484 (Jan.) 1928. 

14. Menees, T. O., and Robinson, H. O.: Oral Administration of Tetraiodo- 
phenolphthalein for Cholecystography, Radiology 5: 211 (Sept.) 1925. Footnote 
2, third reference. 

15. Scott, W. J. M., and Whitaker, L. R.: Expulsion of Its Contents as a 
Function of the Gallbladder: A Clinical Application, J. A. M. A. 91:9 (July 7) 
1928. 

16. Whitaker (footnote 6, second reference, and footnote 3). 
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It has been held also that there is a reciprocal nervous mechanism 
whereby the gallbladder is made to contract when the sphincter of the 
common bile duct is opened. There is little evidence for this assumption. 
The chief evidence against it is: Duodenal peristalsis which is supposed 
to open the sphincter ** does not induce the gallbladder to contract ;** 
increased flow of bile from the liver after giving bile salts, which pre- 
sumably opens the sphincter, does not cause the gallbladder to contract ; 
after destruction of the sphincter the gallbladder contracts normally 
during digestion ; ** in two cases I have observed that a gallbladder con- 
taining iodized oil would contract and inject the hepatic ducts against 





Fig. 2.—Evidence that contraction of the gallbladder does not depend on peri- 
stalsis in stomach: or duodenum. A shows the gallbladder of a cat containing 
iodized oil. B was taken fifteen minutes after feeding iodized oil; the stomach 
is emptying and there is no change in the gallbladder. In C, taken three hours 
after feeding, the stomach is empty; the oil is passing through small intestine and 
into colon. Still no change has occurred in the gallbladder. D was taken ten 


hours after feeding highly absorbable fat in the form of egg yolk; the gallbladder 
is three-fourths empty. 


the antagonism of a closed common duct sphincter, little or no oil passing 
into the duodenum.*® This occurred once after feeding and once after 
intravenous injection of olive oil emulsion (fig. 4). 


17. Copher, G. H., and Kodama, S.: The Regulation of the Flow of Bile and 
Pancreatic Juice into the Duodenum, Arch. Int. Med. 38: 647 (Nov.) 1926. 























Fig. 3—The illustration shows that the musculature of the gallbladder may 
contract after feeding without extrinsic nerves. The tissues of the lesser omentum 
were severed except the hepatic artery and portal vein, which were stripped of 
outer coats. The bile duct was cut and cannulated. A shows the denervated gall- 
bladder containing iodized oil; B, the gallbladder ten minutes after feeding olive 
oil emulsion; and C, five hours after feeding oil. The fundus of the gallbladder 
is apparently in spasm. D was taken fifteen hours after feeding. The vesicle is 
empty, showing only as a shadow form; the cannula is seen above. 





Fig. 4—Lack of reciprocal action between the gallbladder and common duct 
sphincter is shown. In A the resting gallbladder contains iodized oil. There is 
no oil in the ducts or duodenum. B was taken ten minutes after the injection of 
olive oil emulsion intravenously. The gallbladder has contracted, injecting the 
hepatic ducts against the resistance of the common duct sphincter; however, the 
sphincter has not entirely held, a very small amount of oil having passed into 
the duodenum (right, above). 
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If the motor stimulus to the gallbladder does not arise through reflex 
nervous action it would seem that some hormone or substance absorbed 
from food into the circulating blood would furnish it. With the gall- 
bladder denervated, it is difficult to see how it could be stimulated 
otherwise.** 

Ingested fats are extremely active in emptying the gallbladder, while 
pure proteins have little effect, and carbohydrates none.* It is a striking 
fact that a single intravenous injection of a few cubic centimeters of 
highly emulsified olive oil or of egg yolk will produce as much emptying 
of the gallbladder, without apparently otherwise affecting the animal, 
as the ingestion of a larger quantity of the same material.** Neverthe- 
less, it seems unlikely that fat in the circulation is the actual stimulus 
to motor activity of the gallbladder, and experiments have shown that 
apparently the gallbladder may empty without increase of fat in the 
blood.** 

The passage into the circulation of a secretin-like product developed 
in the duodenum through the action of food or hydrochloric acid has 
been suggested as a stimulus to the musculature of the gallbladder.’ 
The intravenous injection of a purified fat-free extract of the duodenal 
mucosa has been found to empty the gallbladder.*° Also, hydrochloric 
acid applied to the duodenal mucosa has produced this effect. Even in 
dogs whose circulation was crossed, the blood of one dog flowing into 
the vessels of another, the application of hydrochloric acid, tenth normal, 
to the duodenal mucosa of the one dog caused the gallbladder of the 
other to contract.** These experiments leave little doubt that some sub- 
stance enters the circulation which stimulates the musculature of the 
gallbladder. This is more probable since, as previously mentioned, the 
gallbladder will empty after feeding though denervated. 

But, for several reasons, the question still remains as to whether 
there is a specific hormone produced by the action of hydrochloric acid 
in the duodenum or otherwise. Highly emulsified fat injected intra- 
venously is as effective in emptying the gallbladder as extract of duo- 
denal mucosa. Also, the gallbladder may empty spontaneously although 
it usually remains quiescent for days or weeks during fasting (figs. 5 
and 6). And the gallbladder may empty after feeding in the presence 
of a highly alkalinized stomach content. Furthermore, it would.seem 


18. Silverman, D. N., and Denis, W.: On the Relationship of Gallbladder 
Emptying to Ingested Fats, Radiology 11: 45 (July) 1928. 

19. Ivy, A. C., and Oldberg, E.: Contraction and Evacuation of the Gall- 
bladder by a Purified “Secretin” Preparation, J. A. M. A. 90: 445 (Feb. 11) 1928; 
A Hormone Mechanism for Gallbladder Contraction and Evacuation, Am. J. 
Physiol. 86: 599 (Oct.) 1928. 

20. Ivy and Oldberg (footnote 19, first reference). 

21. Ivy and Oldberg (footnote 19, second reference). 




















Fig. 5.—Apparently spontaneous contraction of the gallbladder. A shows the 
resting gallbladder of a cat containing iodized oil. Oil is also in one of the 
hepatic ducts. B demonstrates that there was no change after one and one-halt 
hours. In C, taken twenty-two hours later when the animal was fasting, the 
vesicle is actively contracting. Note the oil in the intestine. The slight degree 
of emptying indicates that this process has just begun. D was taken six hours 
later; the contraction has stopped. The oil in the intestine has passed into the 
colon. 





Fig. 6—Showing apparently spontaneous emptying of the gallbladder. A 
shows the resting gallbladder of a cat three hours after injection of iodized oil. 
There is no oil in the intestine. B was taken two hours later when the gallbladder 
was actively contracting and about seven-eighths empty. 
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that if the musculature of the gallbladder is normally stimulated by a 
hormone produced through the action of hydrochloric acid in the duo- 
denum, the stomach would be a necessary factor in such a mechanism. 
But with the stomach removed, the esophagus being anastomosed with 
the duodenum, the gallbladder may contract normally after the ingestion 
of fat (fig. 7). 

Thus it would appear that the origin and nature of the normal stimu- 
lus which initiates tonic contraction in the musculature of the gallbladder 
resulting in expulsion of its contents has not yet been determined. 

The concentrating function of the gallbladder is of considerable 
importance. The mucosa is richly supplied with lymphatics and blood 





Fig. 7—Normal contractile activity of the gallbladder after fat feeding, with 
the stomach absent. A shows the resting gallbladder thirty-six hours after 
removal of the stomach, connecting the esophagus and duodenum, and filling the 
gallbladder with iodized oil. B was taken three hours after feeding 50 cc. of 
egg yolk and water by tube. The gallbladder is contracting vigorously; the cystic 
and common ducts are full, with oil in the intestine. In C, taken four hours after 
feeding, the gallbladder is still contracted, but emptying has ceased. From one- 
third to one-half the contents of the gallbladder have been forced into the intestine. 
D was taken twenty-four hours after feeding. The gallbladder has relaxed, refilled 
with bile and resumed its original shape. Compare with figure 1. 


vessels through which water is absorbed. Numerous estimates have 
been given as to the extent of the concentrating power.** This func- 
tion, of course, greatly increases the efficiency of the vesicle as a storage 


22. Rous, P., and McMaster, P. D.: The Concentrating Activity of the Gall- 
bladder, J. Exper. Med. 34: 47, 1921. 
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reservoir but, if carried too far, through failure of emptying, overcon- 
centration and precipitation may occur. 

Another function of the mucosa is probably significant—that of 
secretion of mucus. This may be pronounced. If the sphincter of the 
common bile duct be cut, preventing reflux of bile into the gallbladder, 
the vesicle will be found after several days to be moderately filled with 
mucus. The rugae of the mucosa will be swollen as if loaded with it. 
Varying amounts of mucus are noted in the bile of the gallbladder of 
apparently normal experimental animals; at times the vesicle contains 
almost pure mucus, only slightly tinged with bile. 

Thus there are at least three distinct normal activities of the_gall- 
bladder: (1) expulsion of its contents through muscular contraction, 
(2) concentration of its contents through absorption of water and (3) 
secretion of mucus. 

The beginning of pathologic conditions in any organ obviously arises 
with the alteration of normal function to a point where irreversible 
changes occur. Therefore, the beginning of disease in the gallbladder 
must be sought in the multitudinous factors which influence the func- 
tions mentioned, and in their interrelations. 

For example, if the muscular activity of the gallbladder depends on 
the elaboration of a hormone through the activity of hydrochloric acid 
in the duodenum, what happens in cases of achlorhydria, or with a Sippy 
diet? If the ingestion of fat is a strong stimulus to emptying of the 
gallbladder, why are heavy feeders more liable to gallstones? The 
answer to the latter question may be that for some reason the stimulus 
to evacuation of the gallbladder fails, and the normal concentrating activ- 
ity of the mucosa favors crystallization, precipitation and formation of 
stone, especially if the bile be loaded with cholesterol from overfeeding. 
Perhaps this is prevented normally by the formation of mucus. It 
is possible also that even though the musculature of the vesicle does not 
contract, the bile may be displaced by the secretion of mucus, a sort of 
accessory emptying mechanism. 

The mucosa of the gallbladder has another function which may be 
normal or which may border on the abnormal, or which at least may be 
associated with the beginning of disease in the organ—the absorption 
of solid or semisolid matter. It has been shown that small particles 
of dyestuff placed in the lumen of the gallbladder find their way into the 
lymphatics, and also that the mucosa probably absorbs cholesterol from 
the bile.2* The absorptive action may be selective. The extent to which 


23. Boyd, W.: Studies in Gallbladder Pathology, Brit. J. Surg. 10: 337, 1923; 
Some Points in the Pathology of the Gallbladder, Canad. M. A. J. 17:1015, 1927. 
Fowweather, F. S., and Collinson, G. A.: Certain Chemical Changes Associated 
with Gall-Stones, with Special Reference to the Relation between Gall-Stones and 
Hypercholesterolaemia, Brit. J. Surg. 14: 583, 1927. 
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the mucosa may take up fat is illustrated by figures 8, 9, 10 and 11. 
When iodized oil is placed in the gallbladder of a cat or dog and induced 
to remain there for several days by fasting the mucosa will be found 
on inspection to have a markedly whitish appearance, which looks much 
like cholesterosis ** in the human gallbladder, both grossly and under 
reflected light with the binocular microscope. Figures 8 and 10 illus- 
trate this appearance, and figures 9 and 11 show the massive absorp- 


tion of fat which may take place in the mucosa without definite pathologic 
change. 





Fig. 8—Appearance of mucosa of cat’s gallbladder after absorption of iodized 
oil, resembling “strawberry” gallbladder of human being. At the top is a gross 
specimen of gallbladder which had contained iodized oil for several days; below, 
mucosa under a binocular microscope. 


Boyd ®° advanced the theory that cholesterol is absorbed from bile by 
the mucosa until pedunculated masses are developed in the rugae which 
finally break off and form the nucleus of cholesterol gallstones (fig. 12). 
The absorption of such large amounts of fat as shown in the figures 
tends to support this theory. Boyd also holds that cholesterosis and 


24. Mentzer, S. H.: Cholesterosis of the Gallbladder, Am. J. Pathol. 1: 383 
(July) 1925. 


25. Boyd (footnote 23, first reference). 
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stone formation result from the deposit of cholesterol from an over- 
loaded bile in a mucosa the function of which is altered by inflammatory 
reaction. Such a sequence might have occurred in the case illustrated 
by figures 13, 14 and 15, although inflammatory changes in the wall of 
the gallbladder were not sufficient to prevent contraction of its muscula- 




















Fig. 9.—Absorption of fat by the gallbladder of a cat. Iodized oil was kept 
in the vesicle for several days. The cells of the mucosa are loaded with fat 
globules and fat is seen in the subserous lymphatics (below). 


ture as shown by the cholecystogram (fig. 16). However, if the marked 
absorption of fat shown in figures 8, 9, 10 and 11 is significant, it would 
seem that cholesterosis of the mucosa might occur more readily in the 
normal organ. If that is true it is probable that simple functional stasis 
































Fig. 10.—Absorption of fat by mucosa of gallbladder of a dog in which iodized 
oil had been present for several days. (Binocular lens 40 mm.) 

















Fig. 11—Stained sections of gallbladder of a dog (same as in fig. 10) after 
absorption of fat. 1. Cross-section of wall showing no definite reaction except 
possibly a slight increase of lymphocytes in the stroma of the villi. 2. Fat stain 
showing globules of fat in epithelial cells and in stroma of villus. 3. Regular 
stain showing normal structure of cells except for fat vacuoles. There is perhaps 
a slight increase of lymphocytes in the stroma, but on the whole the tissues are 
remarkably free from inflammatory reaction. It would seem that absorption of 
fatlike bodies comes within the range of normal function of the mucosa. 
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in the gallbladder in the presence of a hypercholesterolized bile could 
result in gallstone formation.*® It is conceivable that a person might, 
through overfeeding, increase the cholesterol content of the bile and at 
the same time reduce the muscular efficiency of the gallbladder, along 
with that of the alimentary tract in general, thus inducing gallstone 
formation. And this might occur simply as a result of perversion of 
function, without inflammation as a predisposing cause, or even as an 

















Fig. 12.—Gallbladder from a patient showing pedunculated cholesterol masses 
in the mucosa (arrows). This patient had had typical symptoms of disease of 
the gallbladder, yet the mucosa was otherwise normal and the wall showed only 
slight lymphocytic infiltration. It is possible that these masses had been breaking 
off and producing symptoms. 


associated condition. Hansen *’ has produced gallstones in rabbits by 
feeding cholesterol after narrowing the cystic duct. 


26. Aschoff, L.: Lectures on Pathology, New York, Paul B. Hoeber, Inc., 
1924. 
27. Hansen, S.: Die Bedeutung des Cholesterins fiir die Bildung von Gallen- 


steinen durch experimentelle Untersuchungen beleuchtet, Acta chir. Scandinav. 
62: 483, 1927. 
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Fig. 13—Painting of fresh specimen of human gallbladder containing mixed 
cholesterol stones, masses of cholesterin crystals, and cholesterosis of the mucosa. 


Yet the mucosa of this gallbladder was able to concentrate bile and the musculature 
was able to contract. 





Microscopically, the mucosa did not stain well, which was 
perhaps due to cholesterosis. The only evidence of inflammatory change was a 
slight infiltration of lymphocytes in the wall. It does not seem possible that so 
meager an inflammatory reaction could have produced such a condition. It would 
seem that the cholesterosis and not the inflammation was the primary factor in 
this case. 
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There are many patients who show a normally functioning gall- 
bladder by cholecystography, i.e., a mucosa which will concentrate the 
salt used and a musculature which will contract, and yet the vesicle may 
be the seat of cholesterosis and stone formation (figs. 13, 14, 15, 16, 17 
and 18). Furthermore, in these cases the gallbladder may be thin- 
walled and show only slight evidence of inflammation microscopically. 
The examples represented by the figures are extremely interesting in 
this particular. 
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Fig. 14.—Mucosa of gallbladder shown in figure 13. The drawing was made 
from the fresh specimen under a binocular microscope. Note the varying degrees 
of cholesterosis. 


Should the bile contain no excess of cholesterol when stasis occurs, 
it is possible that increasing concentration may lead to precipitation of 
other constituents of the bile with the formation of other types of 
stones,?° also without marked pathologic alteration of the gallbladder. 
By simply inducing stasis and hyperconcentration of bile through fast- 
ing and dehydration for several days in animals under barbital anes- 
thesia, small masses resembling gallstones have been produced.*® 


28. Whitaker, L. R.: Biliary Stasis as a Factor in the Production of Gall 
Stones, Surg. Gynec. Obst., to be published. 





1 OD RISE MERE SOT. OIE Be or a 











1798 ARCHIVES OF SURGERY 











Liar 


Fig. 15—Drawing of crystals found in a drop of bile from the gallbladder 
shown in figures 13 and 14. Note the large number of cholesterol crystals. 











Fig. 16.—Cholecystograms in case represented by figures 13, 14 and 15. In 
A, the shadow of the gallbladder is somewhat fainter than normal due to a diseased 
mucosa (cholesterosis) or debris in the gallbladder displacing the opaque sub- 
stance; in B, there is a definite contraction after a fat meal due to an active 
musculature. This is, of course, limited on account of the debris (fig. 13). 
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The idea of infection as a direct cause of gallstone formation has 
become almost a fetish. Why assume because bacteria are found inside 
gallstones that the bacteria are the cause of the gallstones? They may 
simply be there when the gallstones form. Why assume because inflam- 
matory changes are found associated with gallstones that the inflamma- 




















Fig. 17—Human gallbladder showing cholesterosis (below) with formation 
of a cholesterol stone. The epithelium and muscularis were apparently normal, 
with only a slight infiltration of lymphocytes and plasma cells in the wall, and 
there was no fibrosis. 


tory changes are primary? It may be the other way. Inflammatory 
changes do occur without gallstones and gallstones of many varieties are 
found with very meager functional or structural evidence of inflam- 
mation. 

















Fig. 18.—Cholecystograms in case represented by figure 17. In A, there is a 
shadow of normal density indicating active concentration by the mucosa. Note 
the notch in the right side corresponding to the transverse ridge at the fundus in 
figure 17. This is a normal structural variation. B shows the disappearance of 
the shadow one hour after a fat meal, indicating an active musculature. Figures 
17 and 18 illustrate that a gallbladder may be the site of slight cholecystitis and 
cholesterosis with stone formation and yet concentrate and contract, and give a 
normal cholecystographic response. 
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Fig. 19.—This illustration shows that debris (ground up gallstones) can be 
expelled from the gallbladder of the cat without damage to the vesicle. In A, 
the gallbladder contains iodized oil (below) and crushed gallstones (above); in 
B, after fat feeding, the gallbladder is contracting, expelling stones and oil ; C shows 
the gross specimen of gallbladder and ducts, normal microscopically, after the 
expulsion of debris. 
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Yet stones have been produced by the intravenous injection of 
streptococci resulting in inflammation of the gallbladder.?? But Wilkie *° 
has shown that the wall of the gallbladder is chiefly involved in these 
experiments and seldom the mucosa. Also, in patients, it has been 
found that the wall of the gallbladder is more often infected than the 
bile.2? Why should gallstones be formed in the bile under these condi- 
tions? It seems probable that infection and inflammation of a certain 
degree in the wall of the gallbladder inhibit the musculature, with induc- 
tion of stasis, while concentration ‘of the vesicular content goes on 








Fig. 20.—Expulsion of debris by the gallbladder of a cat without permanent 
damage. A shows the gallbladder containing ground up gallstones from a patient, 
and iodized oil; B, several days later, after feeding. The oil, and presumably 
debris, cleared out of the gallbladder. C, the gross specimen (taken at once) shows 
a normal gallbladder, microscopically, containing only concentrated bile. 


29. Rosenow, E. C.: The Newer Bacteriology of Various Infections as Deter- 
mined by Special Methods, J. A. M. A. 68: 903 (Sept. 12) 1914; Bacteriology of 
Cholecystitis and its Production by Injection of Streptococci, ibid. 63: 1835 
(Nov. 21) 1914. Wilkie, A. L.: The Bacteriology of Cholecystitis: A Clinical 
and Experimental Study, Brit. J. Surg. 15: 450, 1928. 

30. Wilkie (footnote 29, second reference). 

31. Judd, E. S.; Mentzer, S. H., and Parkhill, E.: A Bacteriologic Study of 
Gall Bladders Removed at Operation, Am. J. M. Sc. 173: 16 (Jan.) 1927. Illing- 
worth, C. F. W.: Types of Gallbladder Infection: A Study of One Hundred 
Operated Cases, Brit. J. Surg. 15: 221, 1927. 
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through a functioning mucosa, favoring precipitation and _ stone 
formation. 

It is likely that through overeating, or pregnancy, or conditions asso- 
ciated with rapid loss of weight, the cholesterol in the bile is increased ; 
and that stasis in the gallbladder is induced at the same time through 
functional disturbance or by infection, resulting in cholesterosis with the 
accumulation of debris in the gallbladder (fig. 13). Conversely, it is 
possible that the cholesterol in the bile can be decreased by chance or 
by design, and that the functional disturbance or infection of the gall- 
bladder can be relieved, with return of muscular power; and that then 
the debris, if not too abundant or in too large masses, may be forced 
out of the viscus, with a return to normality. 

Since the massive amount of oil loading the mucosa in figures 8, 9, 
10 and 11 disappears in a few weeks, it seems probable that if abnormal 
formation of cholesterol in the bile and its absorption by the mucosa 
should cease the cholesterosis might be relieved eventually, either by 
vital activity of the mucosal cells or by desquamation and regeneration. 
Then the debris in the gallbladder, if not in masses too large to pass the 
ducts, might be expelled by an active musculature. Figures 19 and 20 
illustrate the expulsion of ground up gallstones by the gallbladder of 
the cat, which proved to be normal afterward. It may be that in patients 
gallstone formation actually begins, but, its causes relieved, the viscus 
returns to normal. The development of a rational method for preven- 
tion of disease in the gallbladder, and an effective method of early treat- 
ment depend on the expansion of knowledge concerning the normal and 
abnormal physiology of that organ. 





























GLYCOGENOLYSIS DUE TO EPINEPHRINE 
HEPATIC DISEASE * 


IN 


SELLING BRILL 


The tests for liver function now available in clinical practice are not 
by any means satisfactory. Following a suggestion in the brilliant work 
of Mann and his co-workers,' and in line with other known facts of the 
physiology of the liver, it was thought that a study of blood sugar curves 
following injections of epinephrine might provide a method of clinical 
value for testing one of the functions of the liver. 

An initial optimism gave place, as the experiments proceeded, to a 
feeling that this particular test of liver function would doubtless fall 
short clinically in much the same way that others have, because of the 
old difficulty inherent in all functional testing of an organ with manifold 
functions and a tremendous margin of reserve. Nevertheless, the sound 
physiologic bases of the test to be discussed and certain of the experi- 
mental results justify the belief that it may offer something of scientific 
if not of clinical value. 

Blum,? in 1901, was apparently the first to point out that the injection 
of an extract of the suprarenal gland into the experimental animal caused 
glycosuria. Velich,* in 1903, showed that in frogs suprarenal glycosuria 
did not occur if the liver was removed. Paton * and Metzger ° demon- 
strated that the glycosuria following the injection of suprarenal 
extract was the result of hyperglycemia. Subsequent observers 


* From the Departments of Surgery (division B) and Research Surgery, the 
University of Pennsylvania. 

*Dr. Thomas Fitz-Hugh, Jr., of the Department of Medicine, began an 
identical study independently. The work was later combined. We presented a 
preliminary report before the Pathological Society of Philadelphia on March 8, 
1928; abstr., Arch. Path. 5:1148 (June) 1928. 
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681 (May) 1926. Mann, F. C., and Magath, T. B.: Studies on the Physiology 
of the Liver: II. Effect of the Removal of the Liver on the Blood Sugar Level, 
Arch. Int. Med. 30:73 (July) 1922. 

2. Blum, F.: Ueber Nebennierendiabetes, Detitsches Arch. f. klin. Med. 71: 
146 (Oct.) 1901. 

3. Velich, A.: Beitrag zum Experimentalstudium von Nebennieren-Glykosurie, 
Virchows Arch, f. path. Anat. 184:345 (June) 1906. 

4. Paton, D. N.: On the Nature of Adrenalin Glycosuria, J. Physiol. 29: 
286 (April) 1903. 

5. Metzger, L.: Zur Lehre vom Nebennierendiabetes, Miinchen. med. 
Wehnschr. 49:478 (March 25) 1902. 
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not only confirmed this fact, but found that the hyperglycemia was much 
more consistent than the glycosuria, and that a fairly characteristic blood 
sugar curve could be obtained dependent on the dosage of the extract. 
The source of the increased sugar in the blood was presumed to be the 
glycogen reserve of the body, chiefly that of the liver. This could not 
be demonstrated easily because of the difficulty of depleting the supply 
of glycogen in the animal. Finally, Mann and Magath ® were able to 
show that after total hepatectomy in dogs, epinephrine did not have any 
effect on the progressive hypoglycemia. This was later confirmed by 
Soskin.* Similarly, Collens, Shelling and Byron® did not find any 
effect on the blood sugar level in dogs after injections of epinephrine 
when the arterial supply to the liver was excluded. These observations 
indicate that the hyperglycemia caused by epinephrine is dependent on 
the mobilization of glycogen from the liver. Macleod,’ in discussing the 
behavior of glycogen of the muscles after hepatectomy, concluded, “that 
the muscular glycogen can only be called upon to a very limited extent, 
if at all, to supply glucose to the blood. It has an entirely different func- 
tion from the hepatic glycogen which represents surplus stores of con- 
densed carbohydrate.” Choi,’® working in Macleod’s laboratory, was 
recently able to substantiate this view experimentally. His results led 
him to state that muscle glycogen, in the breaking down process, was not 
converted into dextrose, but into lactic acid, and that epinephrine did not 
have a direct effect on muscle glycogen as far as dextrose synthesis was 
concerned. 

Since the hyperglycemia due to epinephrine depends on the mobiliza- 
tion of glycogen from the liver, it seems logical to suppose that the 
glycemia curve would vary with the quantity of glycogen in the liver. 
This has been confirmed experimentally by Markowitz," who showed 
that in rabbits, the livers of which were rendered temporarily glycogen- 
free, hyperglycemia due to epinephrine did not occur, whereas when the 
livers were rendered only partially glycogen-free there was a less marked 


6. Mann, F. C., and Magath, T. B.: Studies on the Physiology of the Liver: 
III. The Effect of Administration of Glucose in the Condition following Total 
Extirpation of the Liver, Arch. Int. Med. 30:171 (Aug.) 1922. 

7. Soskin, S.: Muscle Glycogen as a Source of Blood Sugar, Am. J. Physiol. 
81:382, 1927. 

8. Collens, W. S.: Shelling, D. H., and Byron, C. S.: Studies on the 
Physiology of the Liver: II. Effect of Adrenalin upon Blood Sugar following 
Ligation of the Hepatic Artery, Am. J. Physiol. 79:689, 1927 

9. Macleod, J. J. R.: Physiology and Biochemistry in Modern Medicine, ed. 


- 


5, St. Louis, C. V. Mosby Company, 1926, p. 889. 

10. Choi, Y. O.: The Relationship of Glycogen Formation in the Muscles to 
the Pancreas and to Epinephrin, Am. J. Physiol. 83:406 (Jan.) 1928. 
11. Markowitz, J.: Glyconeogenesis, Am. J. Physiol. 74:22, 1925. 
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hyperglycemia of delayed onset. Also, Olmsted and Coulthard ** from 
their work concluded, “adrenalin hyperglycemia depends to a consider- 
able extent on the quantity of glycogen in the liver.” 

There is a good deal of evidence that in disease of the liver the 
amount of hepatic glycogen is reduced, with a concomitant lowered sugar 
tolerance. Clinically, the practice of giving patients with severe damage 
to the liver a solution of dextrose intravenously seems to be beneficial. 
Steinbrinck ** reported marked benefit from the infusion of dextrose in 
both animals and patients who had derangements of the liver from mush- 
room poisoning. Bodansky ** observed a hypoglycemia in animals, the 
livers of which were severely damaged by chloroform, phosphorus or 
hydrazine. Ravdin ** found a markedly subnormal glycogen content of 
the livers of some animals with experimental obstruction of the common 
duct. Puxeddu ** noted that in patients with cirrhosis of the liver, the 
glycemia curve following the ingestion of 100 Gm. of dextrose differed 
from the normal in that there was first a drop and then a rapid ascent, 
which was sustained for at least three and one-half hours before it 
returned to its previous level. Ferguson ** recently demonstrated a 
similar lowered sugar tolerance in animals with experimental liver 
damage. 

From the evidence just presented, the physiologic and pharmacologic 
bases for this test may be summarized as follows: 


1. It is a well established fact that epinephrine hydrochloride injected 
in adequate dosage into the animal organism produces a marked rise in 
blood sugar with a fairly characteristic curve dependent on the dosage 
and method of injection. 


2. This hyperglycemia induced by epinephrine is due to accelerated 
and augmented glycogenolysis in the liver. 

3. The nonhepatic glycogen stores of the erganism, such as muscular 
glycogen, are not acted on by epinephrine to produce hyperglycemia and 
apparently do not play a demonstrable part in glycogenolysis induced by 
epinephrine. 


12. Olmsted, J. M. D., and Coulthard, H. S.: An Attempt to Strike a Balance 
of Carbohydrate Metabolism at the Time of Rapid Changes in Blood Sugar and 
Liver Glycogen, Am. J. Physiol. 83:513, 1928. 

13. Steinbrinck, W.: Ueber klinische und experimentelle Beobachtungen der 
hypoglykamischen Reaktion bei Leberparenchymschadigungen, Klin. Wehnschr. 
3:1029 (June 3) 1924. 

14. Bodansky, M.: The Production of Hypoglycaemia in Experimental 
Derangements of the Liver, Am. J. Physiol. 66:375 (Oct.) 1923. 

15. Ravdin, I. S., to be published. 

16. Puxeddu, E.: La curva della glicemia nella cirrosi epatica, Clin. med. ital. 
57:174 (March-April) 1926; abstr., J. A. M. A. 87:620 (Aug. 21) 1926. 

17. Ferguson, L. K., to be published. 
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4. The degree of the hyperglycemia produced by injections of epi- 


nephrine is dependent to a large extent on the quantity of glycogen in the 
liver. 


5. In extensive disease of the liver the quantity of glycogen in the 
liver is decreased. 
METHOD 


The experiments were planned along the standard lines of the dextrose tolerance 
test, an injection of epinephrine being substituted in place of the feeding or injec- 
tion of dextrose. The patients were from the wards of the Hospital of the 
University of Pennsylvania. They had the usual hospital “house diet”™ the day 
preceding the experiment. Breakfast was not allowed on the morning of the 
experiment, and the patient was kept in bed. The blood in all cases but ome was 
taken by venipuncture. After the specimen of blood sugar was obtained during 
fasting, epinephrine hydrochloride 1: 1,000 was injected into the deltoid muscle. In 
one case, it was given intravenously. The dose was 5 or 10 minims (0.3 or 0.6 cc) 
carefully measured in a tuberculin syringe. Subsequent samples of blood were taken 
at quarter hour or half hour intervals for an hour and a half to two hours. Estima- 
tions of the sugar in the blood were made promptly. In most instances these were 
estimated by the method of Hagedorn” and in a few by the method of Folin 
and Wu. 

Dogs were used for the experiments on animals. They were all on a standard 
diet consisting of dog biscuits and milk. No attempt was made to force them 
to eat all that was given them. Sex was disregarded. They were of medium 
size, weighing from 8 to 12 Kg. Experimental obstructive jaundice was produced 
by division of the common bile duct and any other branches emptying into the 
duodenum, inversion of the duodenal end and removal of the gallbladder. The 
anesthesia was either ether or sodium amytal (sodium iso-amyl ethyl barbiturate) 
intraperitoneally, 50 mg. per kilogram of body weight. The dosage in dogs varied 
from 5 minims (0.3 cc.) to 2 cc. of epinephrine hydrochloride subcutaneously 
(abdominal wall) and 5 minims (0.3 cc.) intravenously. Samples of the blood 


were obtained by venipuncture, and the sugar estimations were made by the method 
of Hagedorn in all cases. 


OBSERVATIONS ON PATIENTS 


The patients were divided roughly into four clinical groups: (1) 
normal persons, without any evidence of disease of the liver or bile tract, 
and without any obvious disturbance of carbohydrate metabolism; (2) 
patients with borderline cases, without any demonstrable disease of the 
liver, but with conditions which might presumably influence the liver 
adversely (for example, alcoholism without clinical cirrhosis, disease of 


18. Bierry and Rathery (Bierry, H., and Rathery, F.: Glycemies et glycosuries 
adrenaliniques, Paris méd. 47:415 [May 5] 1923; abstr.. J. A. M. A. 88:1055 
[Sept. 22] 1923) report that the hyperglycemia due to epinephrine may be modified 
by diet. I do not believe that the slight variations in the hospital “house diet’’ in 
my experiments affected the results. In four patients on whom multiple “curves” 
were made, no appreciable effect was noted from the diet. 

19. Hagedorn, H. C., and Jensen, B. N.: Zur Mikrobestimmung des Blut- 
zuckers mittels Ferricyanid, Biochem. Ztschr. 135: 46, 1923. 
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the gallbladder without jaundice, etc.) ; (3) patients with mild or rela- 
tively early hepatic disease (for example, mild cirrhoses, postarsphena- 
mine jaundice, etc.), and (4) patients with severe hepatic disease of 
widespread character (for example, diffuse carcinoma of the liver, 
marked atrophic cirrhosis or chronic obstructive jaundice with obvious 
cirrhosis). Thirty-one patients were studied and thirty-seven blood 
sugar curves made in these cases. The groups were subdivided into 
those patients who received 5 minims (0.3 cc.) of epinephrine and those 
who received 10 minims (0.6 cc.). 

In chart 1 are presented the blood sugar curves of eight normal 
persons who received 5 minims (0.3 cc.) of epinephrine into the deltoid 
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Chart 1—Blood sugar curves of normal persons following intramuscular 
injection of 5 minims (0.3 cc.) of epinephrine hydrochloride. In this and the 
following charts, the time indicates the interval following the injection. 


muscle. In chart 2 are the borderline cases, in chart 3 the mild hepatic 
cases and in chart 4 the severe hepatic cases. Chart 5 contrasts the 
average composite curves of the normal persons with those of patients 
having severe hepatic disease. 


COM MENT 


From a study of the charts, it was apparent that the optimum dose 
of epinephrine had not been found. The fact that a few normal human 
beings failed to respond with the expected degree of hyperglycemia 
seemed to indicate that a dosage of 5 minims (0.3 cc.) was too small for 
my purpose. However, a fair percentage of normal persons and those 
with borderline and moderate hepatic disease responded to this dosage as 
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anticipated. Some of the results are significant. The total average rise 
in the normal group was over 34 per cent of the fasting level, whereas 
the total average rise in the group with severe hepatic disease was 14 
per cent, and whenever there was a rise in the blood sugar level following 
the administration of epinephrine in these cases, it was distinctly a 
delayed rise with a type of curve quite different from the normal. This 
is well shown in chart 5. It is also in agreement with the observation 
of Markowitz," referred to previously, who noted that in rabbits the 
livers of which were only partially glycogen-free, hyperglycemia due to 
epinephrine was less marked and of delayed onset. The character of the 
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Chart 2.—Blood sugar curves of patients with borderline cases. Dose, 
5 minimims (0.3 cc.) intramuscularly. 





“normal” curve is well illustrated by the composite curve of normal 
persons in chart 5. It differs from what was anticipated in that the 
high level is somewhat less than it would have been had two of the low 
normal values been excluded. 


Since a few normal persons failed to respond with the expected 
degree of hyperglycemia following the injection of 5 minims (0.3 cc.) 
of epinephrine, the pathologic curves on this dosage are open to criticism 
on the score of inadequate dosage. The intravenous injection of 5 min- 
ims (0.3 cc.) in a human subject produced such unpleasant symptoms 
that this route was abandoned forthwith. 
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Chart 3—Blood sugar curves of patients with mild hepatic cases. 


Dose, 
minims (0.3 cc.) of epinephrine hydrochloride intramuscularly. 
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Chart 4—Blood sugar curves of patients with severe hepatic cases. 


Dose, 
5 minims (0.3 cc.) of epinephrine intramuscularly. 
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Chart 5.—The unbroken line is the average composite curve of normal persons; 
the broken line, the composite curve of patients with severe hepatic cases. 


Dose, 
5 minims (0.3 cc.) of epinephrine hydrochloride intramuscularly. 
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A series of patients was then studied with the administration of 10 
minims of epinephrine intramuscularly. This series consisted of eleven 
patients: five normal persons and two from each of the other groups. 
The results of this series were more consistent. In charts 6, 7, 8 and 9 
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Chart 6.—Blood sugar curves of normal persons. Dose, 10 minims (0.6 cc.) 
of epinephrine hydrochloride intramuscularly. 
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Chart 7—Blood sugar curves of patients with borderline cases. Dose, 10 
minims (0.6 cc.) of epinephrine hydrochloride intramuscularly. 


are presented the blood sugar curves of the normal persons, and of 
patients with borderline, mild hepatic and severe hepatic disease, respec- 
tively. In chart 10, the averages of the normal curves and of those in 
the severe hepatic cases are contrasted. 























140 

















a, 
i — 
ailz0 egies 
3 e 5 
g Fae Oe gt oe meas 
iy — 
n 
ay die 
3 
4 A 
2 ‘4 
Easrins is” 30" 45” hae "adel idea 1 ™ 





Chart 8—Blood sugar curves of patients with mild hepatic cases. Dose, 
10 minims (0.6 cc.) of epinephrine hydrochloride intramuscularly. 
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Chart 9—Blood sugar curves of patients with severe hepatic cases. Dose, 
10 minims (0.6 cc.) of epinephrine hydrochloride intramuscularly. 
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Chart 10.—The unbroken line is the average composite curve of normal per- 
sons; the broken line, the average composite curve of patients with severe hepatic 
cases. Dose, 10 minims (0.6 cc) of epinephrine hydrochloride intramuscularly. 
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The character of the normal curves as plotted in chart 6 differs from 
that of the curves in chart 1 (patients who received 5 minims [0.3 cc.] ) 
in that the high level shows a greater rise over the blood sugar during 
fasting (58 per cent as compared to 34 per cent); the high point is 
reached later, and, with one exception, at the end of one and three- 
quarters hours, the level of the blood sugar still shows considerable eleva- 
tion. This can be seen more easily in a comparison of the composite 
normal curves of charts 5 and 10. On the other hand, the composite 
average curve of the patients with severe hepatic disease who were given 
the 10 minim (0.6 cc.) dosage is essentially the same as the correspond- 
ing curve of the patients with severe hepatic cases who were given the 
5 minim (0.3 ce.) dosage. The total average rise of the group with 
severe hepatic conditions who received the 10 minim (0.6 cc.) dosage was 
12 per cent of the fasting level. In neither the group receiving 5 minims 
(0.3 cc.) nor that receiving 10 minims (0.6 cc.) was sufficient divergence 
from the normal group noted in the patients with borderline cases or 
mild hepatic disease to warrant the belief that this test would be of any 
value in early or mild hepatic disease. 

During the course of these experiments, certain other observations 
were made. The intramuscular injection of 5 minims (0.3 cc.) of 
epinephrine hydrochloride rarely caused any symptoms, except occasion- 
ally a temporary mild nervousness. The 10 minim (0.6 cc.) dose not 
infrequently caused a good deal of trembling and nervousness, sometimes 
lasting as long as an hour, but the symptoms were never alarming. As 
stated previously, the intravenous injection of 5 minims (0.3 cc.) of 
epinephrine caused a marked reaction and -was discontinued. Blood 
pressure readings were taken in several instances following the 5 minim 
(0.3 cc.) dosage. The results were variable. There was usually a rise 
in the systolic pressure of from 10 to 20 mm. of mercury, but in some 
cases it actually decreased, in one instance from 130 systolic and 70 
diastolic to 94 systolic and 50 diastolic at the end of one-half hour. 
Three quarters of an hour later it was back to 125 systolic and 70 
diastolic. 

OBSERVATIONS ON ANIMALS 


Our next study was on dogs: (1) normal animals, and (2) dogs 
with experimental obstructive jaundice. Twenty-two blood sugar curves 
were made on twelve animals, seven of which were later operated on. 
The results were disappointing. Dogs evidently tolerate much larger 
doses of epinephrine than human beings. In dogs, 5 or 10 minims (0.3 
or 0.6 cc.) of epinephrine hydrochloride injected subcutaneously caused 
only a minor rise in the blood sugar level. The subcutaneous injection 
of 2 cc. doses produced a gradual marked rise which, at the end of two 
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hours, was still over 100 per cent of the fasting level, and did not show 
any tendency to decline. The subcutaneous injection of 1 cc. doses 
caused a similar gradual increase in the blood sugar at a lower level. The 
intravenous injection of 5 minims (0.3 cc.) of epinephrine produced a 
characteristic curve with an abrupt sharp rise, the peak (average of nine 
curves 50 per cent rise over the fasting level) being reached within the 
first ten minutes, following which there was a gradual decline to the 
fasting level in an hour and forty-five minutes. When the same intra- 
venous dose was given to a dog that had been jaundiced from one to 
three weeks, an exactly similar blood sugar curve was obtained, excepting 
that the peak was at a considerably lower level (average of four curves 
30 per cent rise over the fasting level). In chart 11 are presented the 
blood sugar curves of dog 394. The protocol follows: 
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Chart 11 (dog 394).—The unbroken line is the normal preoperative curve; the 


broken line, the curve after eight days of complete experimental obstructive 
jaundice. 


PROTOCOL OF DOG 394 


On Dec. 16, 1927, a male mongrel, weighing 10 Kg., received an injection of 
5 minims (0.3 cc.) of epinephrine intravenously in a hind leg after a sample 
of blood was obtained during fasting. Six samples of the blood were taken 
at irregular intervals following this. On Dec. 22, 1927, an operation was per- 
formed under sodium amytal anesthesia. The common bile duct was doubly 
ligatured and severed. The distal end was inverted in the duodenum. The cystic 
duct and vessels were tied and severed and the gallbladder was removed. Closure 
was made without drainage. On December 28, results of the van den Bergh 
tests were as follows: direct, immediate; indirect, 7.5 units. On December 30, 
the results were: indirect, 12 units. On this date another blood sugar curve was 
made with the same dosage of epinephrine as described previously. On January 6, 


the dog died. The liver was removed for glycogen extraction and pathologic 
sections. 











1816 ARCHIVES OF SURGERY 


SUMMARY AND CONCLUSIONS 


Blood sugar curves in normal persons and in patients with hepatic 
disease following the injection of epinephrine hydrochloride are pre- 
sented. The experiments were designed to formulate a test for liver 
function based on glycogenolysis induced by epinephrine. A marked 
difference in the character of the blood sugar curve following the intra- 
muscular injection of 10 minims (0.6 cc.) of epinephrine was noted 
between normal patients and those suffering from severe hepatic disease. 
Such a uniform distinction was not observed between normal patients 
and those suffering from mild hepatic disease. 


TABLE 2.—Blood Sugar Estimations (Hagedorn) in Dog 394 


1] 








Preoperative, Postoperative, 
er 16, December 30 


Time Mg. per100 Ce. Mg. per 100 Ce. 
IE 5. cnciinbsbnibbetinkhbesct 0 b<ccersiennesecaabaeeteccrss as 82 7 
10 minutes after epinephrine.............. ae RES Lee 124 104 
16 minutes after epinephrine.................... bataeiendacue Si 112 95 
Se I, be cictacdeuccensnan sausukiec seas on 99 94 
GB SED BE Se oo on cd cesta sive cecscccccpiccccsess 93 95 
1 hour and 15 minutes after epinephrine...................... 89 


1 hour and 45 minutes after epinephrine...................... 85 79 


The experiments on dogs were inconclusive. 

We do not believe that this test will be of much clinical value unless, 
perchance, further work reveals that glycogenolysis is one function of 
the liver which becomes unreservedly impaired in certain forms of dis- 
ease of the liver before other evidences of hepatic breakdown are so 
obvious that a test is superfluous. 

The clinical implications of this work which seem valid are (1) that 
patients with marked, widespread, disease of the liver will give after the 
injection of epinephrine an almost flat blood sugar curve, and (2) that 
such patients should be given large quantities of dextrose preoperatively 
and postoperatively. 














































HEMOLYTIC STREPTOCOCCAL SUBCUTANEOUS 
GANGRENE 


REPORT OF A CASE* 


’ JOHN FALLON 


Separately, gangrene caused by the streptococcus and infection 
limited to subcutaneous tissue are well known entities. The combina- 
tion of the two is not widely understood. This combination, whether 
or not one chooses to call it a disease, does follow a distinctive course, 
has predictable possibilities of complication, and is benefited by a par- 
ticular treatment. 

Meleney has written an excellent, and apparently the original, account 
of hemolytic streptococcal subcutaneous gangrene.‘ The essential 
lesion is gangrene of the subcutaneous tissue. Secondarily, this kills 
part of the overlying skin, possibly by vascular interference. The sub- 
cutaneous lesion is broader than the cutaneous lesion, that is, it under- 
mines. Both are surrounded by cellulitis. Deep tissues are rarely 
involved unless a preceding wound has penetrated them. Meleney 
showed that the cause is a hemolytic streptococcus. In nineteen of the 
cases he reported, there were four deaths. 

In Peking, where the condition is not uncommon, Meleney saw about 
thirty-five cases in four years. It was probably seen but not recognized 
on the western front? during the World War. One case has been 
reported * and six others have been recognized * in this country. There 
seems to be no other mention of it in the last few years, although much 
has been written of gangrene of the scrotum, which may be but a dis- 
criminative localization of it, and something of “necrotizing erysipelas” * 
—a half-brother. 

A priori, such a condition should not be confined to China. Rather, 
one might infer that the diagnosis is missed in this country. Examina- 
tion of about 750 case histories of peripheral infections and gangrenes 
at the Peter Bent Brigham Hospital, the Mayo Clinic and the Saint 


*From the Surgical Clinic of Dr. Harvey Cushing, Peter Bent Brigham 
Hospital, Boston. 

1. Meleney, F. L.: Hemolytic Streptococcus Gangrene, Arch. Surg. 9:317 
(Sept.) 1924. 

2. Lyle, H. H. M.: Haemolytic Streptococcus Gangrene of Arm and Fore- 
arm, Ann. Surg. 82:813, 1925. 

3. Lyle (footnote 2), Meleny, F. L.: Discussion, Ann. Surg. 82:814, 1925, 
and personal communications to the author, 1927. 

4, Pfanner, E.: Zur Kenntnis und Behandlung des nekrotisierenden Erysipels, 
Deutsche Ztschr. f. Chir. 144:108, 1928. 
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Vincent (Worcester) Hospital has revealed a half-dozen cases sug- 
gestively similar to that here reported—if retrospect diagnosis may be so 
far honored. 


REPORT OF CASE 


History—A robust Irish-born multipara, aged 32, entered the Peter Bent 
Brigham Hospital, Sept. 17, 1925, complaining of tenderness in the right breast. 
Though the nipples were cracked, she had been nursing an infant, aged 2 months. 
About a week before entry, she noticed a little tenderness and pain in the right 
axilla and had two chills. She did not remember any other discomforts except an 
occasional feeling of feverishness until the day before entry. Then tenderness, 
swelling and redness appeared in the right breast, and the infant refused to nurse. 

Despite a temperature of 104 F. and a leukocyte count of 16,000, the patient 
did not appear ill. On the outer part of the right breast was a lesion best 


described as a circle-within-a-circle. First there was a dull red central area, 8 cm. 





Fig. 1.—Appearance of breast on sixth day of disease. Shown chiefly for orienta- 
tion but illustrates imperfectly three stages of the condition: at A is the outer 
red-brown zone; at B the blebs, and at C the “pigskin” appearance of skin covering 
an area of subcutaneous gangrene; this stage precedes the skin slough. Active 
slough appears at D and completed slough at E. 
= 

in diameter, moderately indurated and edematous, with raised border, and only 
moderately tender, and then a few centimeters of peripheral zone composed merely 
of dull brown-redness. Enlarged axillary nodes or other relevant signs were 
not found. 

Third Day: The following day, the temperature and general condition were the 
same. The inner zone of induration had spread; its margin was more cleancut, 
and its surface showed blebs and “pigskin appearance” (intracutaneous edema). 

Fourth Day: The outer zone involved the whole breast, and much of the inner 
zone was black; the blackness appeared suddenly and was sharply demarcated. 

Fifth Day: The temperature was normal; for the first time, the patient looked 
really ill. The outer zone had spread, and much of it had become edematous. 
The skin over the area that was black on the fourth day was now pearly-white 
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and dead-looking. This suggested ischemia, and that the blackness on the previous 
day had been due, not to sudden gangrene of the skin, but to hemorrhage beneath it. 

Sixth Day: The central area, which had been black, then white, was black 
again and sloughing (figs. 1, 2 and 3). There had been no fluctuation, and 
enlarged nodes did not appear until three weeks later. 





Fig. 2—Appearance of breast on sixth day. If this figure and figure 3 showed 
the streptococci, they would illustrate all the “cardinal signs” of the condition after 
the slough has appeared. They show: gangrene; rapid advance (the slough A 
was one day’s progress); undermining (i. e., the primary involvement of sub- 
cutaneous tissue) ; and secondary involvement of skin (necrotic border, B). The 
amount of undermining on the sixth day was about the same as that shown by the 
hemostat on the eighteenth day. 














Fig. 3.—Appearance of breast on eighteenth day. 


Ninth Day: The local lesion looked better, but the patient was very ill. 
Erysipelas appeared over the whole right side of the chest, posteriorly, and the 
next day had involved the upper half of the back; the following day it spread 
around to the left breast. 

Thirteenth Day: When the patient seemed to be dying, she suddenly began to 
improve, and the following day the erysipelas began to fade. During the next 
week the temperature did not rise above 101 F., and the lesion started to heal. 
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Twenty-First Day: The temperature rose, and a subcutaneous abscess of the 
left breast was opened; it had been only slightly red and tender. There was still 
an occasional chill, and the temperature rose every day to 103 or even 104 F. for 
almost a month. 

After the seventh week the fever was slight; and by the tenth week the skin 
defect was filled. Toward the end a small, painless pus-pocket just beside the 
original lesion had flared up; but throughout the course of the fever repeated 
examinations and roentgenograms of the chest had failed to show any other 
secondary localization. The patient was discharged on the eighty-ninth day, when 
there had been no rise of temperature for eleven days. She was watched for more 
than two years, and sequelae other than the scar and urinary condition, which will 
be described later, were not found. 

Clinical Pathologic Changes.—The early blebs showed staphylococci and gram- 
negative diplococci. After the sloughing, when the active, undermining parts 
could be reached, they consistently showed a very hemolytic streptococcus, although 

















lig. 4—Appearance on forty-first day, illustrating healing; adhesion of 
undermined flaps, contraction of the denuded area, granulating base, and epithe- 
lium advancing from edges. 


sparse colonies of staphylococci could still be grown from the other parts of the 
lesion. Anaerobes were not found. Blood cultures gave no growth. 

For six months the urine contained rare hyaline and granular casts, slight 
traces of albumin, and red and white cells, usually in large numbers. During the 
patient’s last two months in the hospital the specific gravity did not, rise above 
1.012, and phenolsulphonphthalein tests during the same period returned 25 and 
30 per cent (two hours and ten minutes after intramuscular injection). Later, the 
urine cleared, the blood pressure never rose (usually being 125 systolic, 85 diastolic ; 
or less), and, although the patient complained of edema of the ankles, it was never 
found. 

The highest leukocyte count was 19,300; it was usually between 10,000 and 
16,000. The erythrocyte count fell from 3,800,000 to. 2,700,000; the hemoglobin 
varied from 60 to 55 per cent (Tallqvist). The Wassermann reaction was 
negative. 

Unfortunately, biopsy of the primary lesion was not made. Biopsy of the area 
of erysipelas showed only the changes usual to erysipelas. 
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COMMENT 





Pathology.—Meleney did not find characteristic microscopic changes. 
This case adds nothing to his gross pathologic observations except the 
suggestion that massive subcutaneous hematoma may cause the skin 
necrosis seen in my patient on the fifth day of the illness. Unfor- 





Fig. 5.—Appearance on sixty-sixth day. The epithelial covering was complete 
except at A. Yet four days later a lateral pocket—like distant abscess and 
erysipelas, a common complication—appeared at B. 














Fig. 6.—Appearance of breast at fifteenth month. The scar is the only effect 
remaining. 


tunately, the slough finally. separated in such an amorphous mass that 
it could not be determined whether hematoma underlay it. Nor was 
it proved that the hemolytic streptococcus was the cause. Meleney, 
however, has satisfactorily demonstrated this. 
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Diagnosis.—This seems to be the only case in which the early 
appearances have been reported. The process was at once too super- 
ficial and too widespread to be an abscess and, unlike erysipelas, the 
redness and edema were dissociated. Cellulitis was more difficult of 
exclusion, and the exclusion was possible not because of this or that, 
but because of the composite: the two zones; the intracutaneous edema 
and its limitation to the inner zone; the speed of march; the cyclic 
color changes; the lack of fluctuation and of adenitis; the discrepancy 
on the one hand between the angry looking lesion and its slight tender- 
ness, and on the other between the high temperature and the apparent 
well-being of the patient. 

Once the gangrene has appeared, the diagnosis may be much more 
decisive. A number of cases have been seen at this stage, and the 
phenomena have been constant. Many names are given to infectious 
gangrenes of the skin, as sphaceloderma, pemphigus gangrenosus and 
ecthyma ; but after the streptococcus has been found, these may be dis- 
regarded for something more concrete. The more chronic forms of 
skin necrosis, blastomycosis, amebiasis cutis,® the symbiotic phenomenon 
of Brewer and Meleney,’ etc., are ruled out by bacteriologic study and, 
even in the most rapid cases, their duration. In Pfanner’s cases of 
“necrotizing erysipelas,”* the erysipelas preceded the gangrene—not a 
very essential difference. The “war gangrenes” of bacterial, especially 
anaerobic, origin do not show subcutaneous localization. They do not 
leave flaps of undermined skin comparatively uninvolved, and peel fat 
and connective tissue off the underlying fascia or muscle so as to remind 
one of the “cleaning” of a careless dissector. And they can be 
bacteriologically differentiated. However, in the interpretation of 
bacteriologic studies one should remember that other organisms often 
accompany the streptococcus in streptococcal gangrene; while the case 
reported here illustrates the necessity of not being content with the 
lesser cocci but of searching for the streptococcus repeatedly and in the 
proper location, that is, in the advancing edge of the undermining. 

This streptococcal gangrene is so blatantly infectious that it would 
never be confused with gangrene of vascular, nervous, or similar origin. 
In this particular case, the location and the appearance, suggesting mas- 
sive hemorrhage, suggested apoplexy of the breast,’ but the process too 
patently began as an infection. 


5. Engman, M. F., and Heithaus, A. S.: Amebiasis Cutis: Report of a Case, 
J. Cutan. Dis. 37:715, 1919. 

6. Brewer, G. E., and Meleney, F. L.: Progressive Gangrenous Infection of 
the Skin and Subcutaneous Tissues, Following Operation for Acute Perforative 
Appendicitis, Ann. Surg. 84:438, 1926. 


7. Cutler, E. C.: Apoplexy of the Breast, J. A. M. A. 82:1763 (May 31) 
1924. 
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Practically speaking, a differential diagnosis is academic. I do not 
believe that any other condition would show gangrene, rapid advance, 
primary limitation to subcutaneous tissue and hemolytic streptococci. 
Because of its all-inclusive name, cellulitis offers a theoretical difficulty. 
One can conceive of chance combinations mimicking the subcutaneous 
selectivity and the rest of the syndrome, but their treatment should be 
the same. The isolation of the organism from a clinically typical case 
may present a real difficulty. 

Complications —Secondary localization is the rule, either as a lateral 
pocket of the original lesion, as occurred on the seventieth day in the 
case reported, or as an abscess at a distance from the lesion, as was 
found on the twenty-first day. The abscesses are often multiple, and 
the organism usually selects the subcutaneous tissue. These abscesses 
are often painless and lack redness, so, lest they be overlooked, a 
careful search is necessary with every rise of temperature. Again, 
Meleney has noted all this. Some of his cases showed, as did the case 
reported here, a lack of general reaction at first, and most of ‘them the 
later prostration. Most of them lacked adenopathy, and in none was 
lymphangitis present. In three, erysipelas occurred. In the case 
reported here, the crisis may be interpreted as part of the erysipelas 
rather than of the streptococcal gangrene. Eight of Meleney’s cases 
showed small amounts of albumin. The renal condition in my case is 
more probably the usual result of toxemia, the so-called nephrosis, than 
true nephritis.* Phlebitis, involvement of the intermuscular septums, 
osteomyelitis with deep abscess, pyopneumothorax and bronchopneu- 
monia have also been seen as complications. Even without any such 
setbacks, convalescence is characteristically slow. 
area proximally and distally as far as the subcutaneous necrosis extends, 
but no farther,” followed immediately by hot soaking for the cellulitis, 
and careful daily evacuation of all necrotic material. The last is 
important, and should be done carefully enough to preserve patent 
vessels which may pass through the slough to the skin above. It is 
also time-consuming, if fibrous threads hold the slough in a tough 
honeycomb. The incisions should not be so close together as to destroy 
the blood supply of the alternating skin strips. One may be duped to 
inaction ; the subcutaneous lesion usually advances rapidly for from four 
to seven days and then is often self-limited. Seeing the patient at this 
time, one might easily believe that the cutaneous slough, too, would not 
go farther. Meleney tentatively advised amputation if there were early 


Treatment.—Meleney made “incisions . . . from the gangrenous 


8. Dr. James P. O’Hare, of the Peter Bent Brigham Hospital, has reviewed 
the patient’s record and given this opinion. 
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involvement of the bone. Neither Meleney nor I used commercial anti- 
streptococcal serums, but in 1929, they deserve a trial. 

In the case reported, because a diagnosis was not made until after 
the skin slough, treatment was limited to hot packing and daily toilet 
of the wound, and later institution of the Carrell-Dakin regimen. 
Difficult as an affirmative diagnosis would be before the slough appears, 
one might have a strong suspicion of the nature of the condition. In 
this case, if it had even been recognized that the process under the skin 
was far graver than the appearance of the skin, the absence of fluctua- 
tion and the deceptive well-being of the patient indicated, it might have 
been possible to arrive at a diagnosis by an exploratory incision. Then, 
before the skin itself had become gangrenous, multiple incisions and 
removal of the subcutaneous lesion might have saved the patient a 
close approach to death. This is necessarily conjectural, because no 
patient appears to have been treated so early. It is chiefly to urge the 
trial of such treatment that this case is reported. 


SUMMARY 


1. Hemolytic streptococcal subcutaneous gangrene is apparently a 
recognized entity in China, and has been reported once before in the 
Occident. As there is nothing in its nature to suggest geographic 


limitation, it is possible that in this country the diagnosis may be 
missed. 


2. The disease or condition is a grave gangrene, which progresses 
rapidly, is confined primarily to subcutaneous tissue (undermining) and 
secondarily involves the skin. 


3. Sometimes erysipelas and often secondary localization, especially 
in subcutaneous tissue, are complications. 


4. The present treatment is multiple incisions, careful daily toilet 
of the wound and hot soaking. 


5. This paper urges treatment before the slough has involved the 
skin, describes the early appearance in one case, and suggests exploratory 
incision as a diagnostic measure. Serums should be tried. 











THE ABILITY TO LOCALIZE SOUND 


A STUDY OF BINAURAL HEARING IN PATIENTS WITH 
TUMOR OF THE BRAIN * 


THEODORE C. GREENE 


I. THE NATURE OF BINAURAL HEARING 


Binocular vision gives a perception of distance through the coordina- 
tion in the brain of sensations coming from the two retinas and the two 
sets of ocular muscles. In a somewhat comparable way, one determines 
whether a sound comes from the right or left side by the coordination 
of sensations coming from the ears. In other words, the lateral localiza- 
tion of sound * is a result of binaural hearing. 

A clear understanding of two terms is essential for following a dis- 
cussion of the subject, and these terms will be briefly explained. In 
figure 1, D represents the head of a listener seen from above. FR and L 
are his right and left ears. B is the position of a sound. The segments 
of concentric circles represent sound waves. 

The listener, D, knows that the sound is on his right side, for two 
reasons. In the first place, the sound is louder in his right ear. In the 
second place, each sound wave arrives first in the right ear and later in 
the left ear. These facts may be stated in a different way by saying that 
the right and left ears are at the same instant being stimulated by different 
intensities of sound and by different parts or phases of the advancing 
sound waves. These two factors which enable one to localize sound will 
be called the intensity factor and the time factor. In some of the litera- 
ture, the term phase difference is applied to the time factor. 


Il, LITERATURE 


The earlier work done by physicists favored the intensity ratio as the 
more important factor in binaural hearing,? but Lord Rayleigh * in 1907 
and Bowlker * in 1908 brought out the importance of phase differences. 
Wilson and Myers ® concluded that phase differences produced differ- 
ences of intensity in the ears by cross-conduction through the head. 


* From the Surgical Clinic of the Peter Bent Brigham Hospital. 

1. The vertical localization of sound will not be treated in this paper, and in 
what follows “localization of sound” will always be understood to refer to local- 
ization in the lateral plane. 

2. Ogden, R. M.: Hearing, New York, Harcourt, Brace and Co., 1924, p. 351. 

3. Lord Rayleigh: Philosophical Mag. 13:214, 1907. 

4. Bowlker: Philosophical Mag. 15:318, 1908. 

5. Wilson, H. A., and Myers, C. S.: The Influence of Binaural Phase Dif- 
ferences on the Localizations of Sounds, Brit. J. Psychol. 2:363, 1908. 
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Hartley,® however, concluded that the localization of pure tones depends 
on the direct perception of phase differences. Later, with Fry, he‘ 
stated that both factors, intensity and time, are necessary. Halverson * 
found much variation of intensity necessary to produce a shift of tones 
and concluded that phase differences were more important than the 
intensity factor. 

Stewart’s work on this subject demands special attention. In 1913, 
stated that the intensity factor is important when the observer can 
turn his head. In 1918, with Hovda, he '° reported the following signifi- 

‘cant observations: If one listens to a sound 477 cm. away and 45 


he 
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Fig. 1—B, source of sound. D, head of listener seen from above. L, R, his 
left and right ears. The dotted lines represent sound waves. 


degrees to the right of the midline, 20 per cent more sound will reach 
the right ear than will reach the left ear (if the head is considered as a 
sphere). Accordingly, if sound is led to each ear by a tube, and if the 


6. Hartley, R. V. L.: The Function of Phase Difference in Binaural Loca- 
tion of Pure Tones, Physiol. Rev., 1919, vol. 13. 

7. Hartley, R. V. L., and Fry, T. C.: The Binaural Location of Pure Tones, 
Physiol. Rev. 18:431, 1921. 

8. Halverson, H. M.: Binaural Localization of Tones as Dependent upon Dif- 
ferences of Phase and Intensity, Am. J. Psychol. 33:178, 1922. 

9. Stewart, G. W.: The Significance of Intensity-Sum in Binaural Localiza- 
tion, Physiol. Rev. 2:72, 1913. 

10. Stewart, G. W., and Hovda, O.: Psych. Rev. 25:242, 1918. 
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intensity factor alone operated in the localization of sound, it should 
be necessary to make the sound only 20 per cent louder in the right ear 
to give the sensation of a sound 45 degrees to the right. Actually it is 
necessary to make the sound ten times louder in the right ear to produce 
this sensation. This shows how important is the other factor, the factor 
of time. In 1920, Stewart * stated that the time factor is effective from 
100 to 1,200 vibrations a second with 1,000 to 1,500 vibrations a second 
as the upper limit in localizing pure tones, that the time factor is the 
more important factor in localizing sound and that it is a phenomenon 
independent of bone-conduction. 

In a review ** of the subject, it is stated that the angular displacement 
of the sound is proportional to the phase difference and to the logarithm 
of the intensity ratio. 

One point is familiar to all observers, to Hartley,° Hornbostel,’* and 
others; it is much easier to localize a noise than a tone. This would 
seem natural, for in the complex sound wave of a noise each little 
irregularity in the sound wave offers an opportunity for the time factor 
to operate. The simple sound wave of a tone does not offer the same 
opportunity. <A very high note " or the shrill, piercing chirp of a cricket 
is difficult to localize. 


Ill. EXAMPLES OF SOUND LOCALIZATION 


Dr. Neven-Spence ** described a method of route surveying which he 
used while combating sleeping sickness in Africa. In visiting settle- 
ments of natives in bush country in which it was impossible to see far 
ahead, he had to keep track of his route. The surprising accuracy of 
Dr. Neven-Spence’s system of land navigation depended on his ability 
to take a bearing with a prismatic compass on the call of a native who 
traveled one fifth of a mile behind. In this way, the ability to localize 
sound took the place of the surveyor’s rod and theodolite. 

A ship with a pair of electrical receivers under water can localize 
sound. With such an apparatus, which depends entirely on the time 
factor in localizing sound, submarines can determine accurately the direc- 
tion of ships invisible to them. 

Of more practical value is the everyday help which this sense gives. 
To the blind this sense must be a special help, and it would be interesting 
to compare their ability to localize sound with that of normal subjects. 


11. Stewart, G. W.: The Function of Intensity and Phase in the Binaural 
Location of Pure Tones, Physiol. Rev. 15:425, 1920. 

12. Bulletin of the National Research Council, Nov. 4, 1922, part 5, no. 23. 

13. Hornbostel, E. M., and Wertheimer, M.: Ueber die Wahrnehmung der 
Schalbichtung, Sitzungsberichte der preussischen Akademie der Wissenschafter, 
1920, p. 388. 


14. Neven-Spence, B.: Route Traversing in Bush Country, Geog. J. 69:143, 
1927. 
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Animals in the field, whose survival depends on alertness and rapid flight 
in the right direction from attacking animals, must have this sense well 


developed. The same might be said of pedestrians crossing a street on 
which there is heavy traffic. 


IV. THE PROBLEM 

Sound localization is a definite sense which is constantly giving useful 
and accurate information. This sense has been studied in healthy sub- 
jects by physicists and psychologists, but a clinical study in subjects with 
various forms of intracranial disease may possibly bring out a few points. 
What is the effect of disease of the middle ear, of increased intracranial 
pressure, of tumors in various lobes of the brain, of a section through 
the temporal lobe—what is the effect of these conditions on the ability 








Fig. 2.—“Short-circuited” binaural stethoscope used in preliminary studies. 


to localize sound? These conditions present an unrivaled opportunity 
in the physiologic laboratory for studying the sense of localization of 
sound. The operating room becomes the proper laboratory for the 
problem. 

To give all the technical details of the test, to give completely the 
responses of each patient to the tests, and to discuss all the possible 
hypotheses would make but weary and confusing reading. This paper 
is in the nature of a summary of work done during the years 1923, 1924 
and 1925, and details which are not reported are at the disposal of any 
one who is interested in this subject. 


V. PRELIMINARY STUDIES 


A simple instrument may be constructed by “short-circuiting” a 
stethoscope with a piece of rubber tubing to which a scale has been 
attached (fig. 2). If the ear-tips are placed in the ears and the rubber 
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tubing is stroked with some object, such as a pencil or throat-stick, a 
noise is heard. The position from which the noise seems to come, of 
course, depends on where the tubing is stroked. The question then 
naturally arises: How far from the midline must the tube be stroked 
so that the subject of the test will know that the source of the sound is 
on one side and not in the middle? 

In answer to this question, nine controls, eight otologic patients and 
fifteen neurologic patients were tested with the “short-circuited” stetho- 
scope in the manner mentioned. Their ability to localize a ticking watch 
which was moved about the head was also tested, and the relative acute- 
ness of hearing of the ears was tested with a watch. 


A. Otologic Group.**—These patients, all of whom suffered from uni- 
lateral or bilateral chronic secretory otitis media, gave repeated examples 
of excellent localization of sound in spite of marked inequality in the 
acuteness of hearing of the ears. The average ratio of the shortest 
distances at which a watch was heard on the two sides was 8:1. This 
means that the average ratio of the intensities of the sounds required to 
stimulate the ear in which hearing was less acute and the ear in which 
hearing was more acute was 64:1. And yet the average displacement 
of the “middle zone” (the region in which sound seemed to the patients 
to be in the middle) was only 2.6 cm. from the midline. 

B. Neurologic Group—tThe significant discovery with the “short- 
circuited” stethoscope in this group was the definite impair- 
ment in five patients of the ability to localize sound in spite of apparently 
normal hearing. With these patients it was necessary to move a 
sound farther from the midline on either side than was necessary with 
the controls, or otologic patients, before they realized that the sound 
was on one side and not in the middle. Two of these five patients had 
a glioma in the temporal lobe; the conditions found on operation were 
suggestive of a glioma in the posterior temporal region in the third 
patient ; the fourth patient refused operation, and the fifth had a glioma 
of the corpus callosum. Lesions in the temporal lobe among the remain- 
ing ten patients were two in number. 


VI. DEVELOPMENT OF APPARATUS 


The first step in an effort to produce better apparatus was the 
reproduction of that used by Wilson and Myers for testing phase 
effects. With this apparatus, which involves a system of tubes, it is 
possible to produce a sound nearer to one ear and yet have it sound nearer 
to the other ear. This striking phenomenon is dependent on the time 
factor. 


15. The writer is indebted to the staff of the Massachusetts Charitable Eye 
and Ear Infirmary for permission to study these patients. 
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In modifying this apparatus for clinical work, it was found that the 
slide part of a trombone enables one to alter conveniently the length of 
the column of air which transmits the sound to one ear. This enables 
one by means of the time factor to cause the sound to shift from one 
side to the other, as heard by the subject of the test. 

I found it impossible to vary the intensity of a sound satisfactorily 
by passing it through an aperture the size of which was varied. A 
sound dissipates fairly gradually through a slit in a tube as the slit is 


uncovered, but a potentiometer proved to be a more satisfactory 
instrument. 


VII. APPARATUS USED IN THE TESTS ™ 


A. For the Determination of the Acuteness of Heuring—The 2-A audiometer, 
made by the Western Electric Company, produces a pure tone of varying intensity 
for each octave from 64 to 8,192 vibrations per second. With the aid of this 
instrument, a curve may be drawn for each ear showing the threshold of hearing 
over a wide range of pitch. 

B. A Test for the Ability to Localize Sound Under Normal Conditions of 
Hearing.—tThe patient rested his chin on a support, grasped a steering wheel in 
front of him and closed his eyes. Turning the steering wheel caused a buzzing 
sound to move about his head in a semicircle at a distance of approximately a 
foot. By turning the steering wheel, the patient endeavored to place the sound 
directly in front of him, in the middle, and the accuracy of his attempt was read 
on a scale of degrees. (A watch from which the escapement has been removed 
furnishes a continuous and satisfactory buzzing noise for this purpose.) 

C. Apparatus for the Separate Testing of the Use of the Time and Intensity 
Factors in the Localization of Sound—With this apparatus, the patient hears a 
sound which shifts from one side to the other.- Either the patient or the doctor 
can cause the sound to shift. The sound can be shifted in two ways. The rela- 
tive times of arrival of the sound in the ears can be varied, while the intensity of 
the sound remains unaltered and equal in the right and left ears. Or the sound 
may arrive simultaneously in the right and left ears throughout the test, while 
the relative intensity of the sound reaching the ears is varied. 


(1) Source of Sound: An old graphophone was contributed by a music store. 
The point of the graphophone rests in a continuous groove cut in the cylindric 
record. A noise is much more accurately localized than a tone and the contin- 
uous, low pitched, steady, grinding noise thus produced was used with all the 
patients. With some patients, a pure tone from the audiometer was also used, 
but this did not prove nearly as satisfactory as a noise. 

2) Path Followed by Sound: An ordinary telephone transmitter is placed 
in front of the graphophone diaphragm. An electric current, furnished by a dry 
cell, flows through the transmitter and through the two telephone receivers (R: 


16. The Western Electric Company and the Submarine Signal Corporation 
generously lent apparatus for this work. The writer wishes to express his apprecia- 
tion to them. In the absence of the compensator made by the latter company the 
“short-circuited” binaural stethoscope might prove fairly satisfactory, for this simple 
instrument would seem to use the time factor almost entirely in localizing sound, 


especially if longer tubing is used. The compensator, however, has many 
advantages. 
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and R.) in the compensator. The sound made by the graphophone is thus carried 
to the receivers in the compensator. A column of air carries the sound from the 
left receiver (R:) to the left tube of the stethoscope and to the left ear. In like 
manner, a column of air carries the sound from the right receiver (R:) to the 
right tube of the stethoscope and to the right ear. 

(3) Manner in Which the Relative Intensity of Sound in the Ears is Varied: 
As indicated in figure 3, resistance is placed across the electrical circuit. A 
movable contact on this resistance coil leads from a point between the receivers. 


Graph ophone 














Telephe ne 


transmitter 
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Fig. 3—Apparatus used in testing the ability to localize sound. The grapho- 
phone is the source of the sound. R,: and R: represent telephone receivers placed 
within the compensator. Electric wiring connects transmitter, receivers, battery 
The relative intensity of sound going to the ears is varied by 
The relative times of arrival of sound in the ears are varied by 


turning the wheel (WW) of the compensator. The subject of the test hears sound 
with the binaural stethoscope. 


and potentiometer. 
the potentiometer. 


Moving the contact to the right, for instance, decreases the intensity of sound in 
the right receiver. The sound arrives simultaneously in both ears throughout 
this procedure. Unfortunately, moving the contact causes much extraneous noise 


which should be eliminated in future work. Possibly distilled water could be 
used for resistance. 
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(4) Manner in Which the Relative Times of Arrival of Sound in the Ears 
Are Varied: The excellent transmission of sound by water suggested the problem 
of localizing sound under water. It was found that the “Compensator” made by 
the Submarine Signal Corporation, Boston, is an ideal instrument for varying the 
relative times of arrival of the sound in the ears. It will be remembered that a 
column of air extends from the left receiver (R:) to the left tube of the stetho- 
scope and that a column of air extends from the right receiver (R:) to the right 
tube of the stethoscope. When the wheel on the top of the compensator is turned 
in*one direction, the left column of air is shortened, the right column of air is 
lengthened, the sound waves arrive earlier in the left ear than they do in the 
right ear, and the sound as heard by the patient shifts to the left. When the 
wheel is turned in the opposite direction the reverse occurs, and the sound shifts 
to the right as heard by the patient. The intensity of sound remains equal in 
both ears. A scale_of degrees is attached for determining the position of the 
wheel. There are no extraneous sounds connected with the shift. 


D. Apparatus for Testing the Ability to Detect Small Differences in Intensity 
and in Pitch.—Because it was thought that there might possibly be some relation 
between the intensity factor in localizing sound and the ability to detect small 
differences in intensity, an apparatus was devised to test such ability. This 
merely involved introducing a gradually increasing resistance twice a second into 
the circuit of the audiometer. 


Similarly, because it was thought there might possibly be some relation between 
the time factor in localizing sound and the ability to detect small differences in 
pitch (which is a matter of time-appreciation),” apparatus was devised to test 
such ability. A whistle was supplied with air at a constant pressure and the 
pitch varied by increasing small amounts twice a second by a piston which was 
connected with a lever. (An electrical system with condensers would be more 
satisfactory... 


VIII. ROUTINE TECHNIC OF THE TESTS 


An otoscopic examination was made of all patients. If wax was 
present, this was removed and the tests were performed on a later day. 


The acuteness of hearing in both ears was tested with the audiometer 
or with a watch. Ina number of cases, the ability of each ear to detect 
small differences of pitch and intensity was also tested. 


The ability to localize sound was tested under natural conditions of 
hearing in which the time and intensity factors are simultaneously 
utilized. 

The ability to localize sound was then tested with the apparatus 
already described which differentiates the time and intensity factors and 
which permits a separate testing of the use of.these two factors in local- 
izing sound. Noise from the graphophone was used, and the patient 
was asked to turn the wheel of the compensator until the sound seemed 
to him to be in the middle. The position of the wheel was read on the 
scale of degrees. This tests the ability of the patient to use the time 
factor in localizing a sound. The noise from the graphophone was then 


17. An appreciation of pitch depends on the appreciation of the time interval 
between successive vibrations. 
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brought simultaneously to the ears, but the examiner varied the relative 
intensity of sound coming to the ears by means of the potentiometer. 
The patient was asked to tell where the sound seemed to be or to point 
a pencil in the apparent direction of the sound. This tests the ability 
of the patient to use the intensity factor in localizing a sound. 

As would be expected, repeated trials were necessary to obtain relia- 
ble results. Because an hour was usually required to complete the tests, 
in the case of all children and several adults half of the tests were done 
on one day and half on the following day. 


IX. RESULTS OBTAINED 


A. The Control Group—Ten subjects were tested as controls. A 
larger number would have been desirable. However, so many of the 
otologic and neurologic patients gave responses as accurate as those con- 
sidered “normal” that the criteria used in classifying responses were 
probably not too exacting. Children as young as 9 years of age cooper- 
ated excellently in the tests. 

The zone in which sound seemed to most “normal” subjects to be 
in the middie varied in width from a few to 20 degrees (up to 10 degrees 
to either side of the midline) both in the test for localizing sound under 
natural conditions and in the test in which a noise was localized with the 
time factor alone. A width of 20 degrees was taken as a rough dividing 
line between normal and abnormal responses. It is important to realize 
that these figures represent the first attempts of subjects to localize 
sound under such circumstances and are not the responses of a few 
persons after months of practice in a psychologic laboratory. In these 
studies, the important point is to provide similar conditions for all sub- 
jects tested. 

B. The Otologic Group—Seven cases of otologic interest were 
found. Two of these also belonged to the neurologic group. These 
cases included otosclerosis, perforations of the ear-drum, chronic secre- 
tory otitis media and an acoustic neuroma, and many of the patients 
naturally were partially deaf in one or in both ears. As would be 
expected, the “middle zone” (in which sound seemed to the patient to 
be in the middle) was in some cases shifted toward the ear in which 
hearing was less acute, but in several cases this shifting did not occur. 
Otherwise the tests revealed essentially normal responses. Disease of 
the middle ear seems to impair only slightly the ability to localize sound. 

C. The Neurologic Group.—Fifty-seven patients of the neurologic 
service at the Peter Bent Brigham Hospital were examined with these 
tests. Lack of codperation made the results of no value in six cases, 
which left fifty-one cases worthy of study. 
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(1) The Ability to Localize Sound under Normal Conditions of 
Hearing: In this introductory test, the patient endeavored to place a 
noise in the midline, with his eyes closed, by turning a steering wheel. 
(The noise was a buzzing watch, moved by the steering wheel.) 

In only three patients of the fifty-one who were tested in this manner 
was the sense of localization impaired. Operation disclosed a large 
hemangio-endothelioma of the right temporal lobe in one patient ; a large 
glioma in the left parieto-occipital region was found at operation in 
another patient, and one patient was suspected of having a tumor. 

Of the forty-eight patients with a normal ability to localize sound as 
tested in this manner, fifteen revealed an impaired ability to localize sound 
when the time factor or the intensity factor was used alone to localize 
sound. In ten of these fifteen cases the localization of sound was 
impaired in only one of these factors, but in the remaining five cases the 
ability to localize sound was shown to be impaired, both in the test which 
uses the time factor alone and in the test which uses the intensity factor 
alone. And yet these five patients could localize sound normally when 
the two factors, time and intensity, were used simultaneously under nor- 
mal conditions of hearing. This shows the remarkable way in which 
the brain uses what is left of a damaged sense to effect the normal 
localization of sound. These observations also show that the ability to 
localize sound cannot be completely studied by moving a sound about the 
patient’s head and asking him to localize it. The use of the time and 
intensity factors in sound localization should also be tested separately. 


(2) The Ability to Localize Sound with the Separate Use of the 
Time and Intensity Factors: (a) The intensity of sound which arrived in 
each ear remained equal and unaltered while the sound (as heard by the 
subject) was shifted by varying the relative times of arrival of the sound 
in the ears. The ability to localize sound was tested under these condi- 
tions in which the time factor alone was used for localization. 


(b) The times of arrival of the sound in each ear remained equal and 
unaltered, while the sound (as heard by the subject) was shifted by 
varying the relative intensity of the sound which reached the right and 
left ears. The ability to localize sound was tested under these condi- 
tions, in which the intensity factor alone was used for localization. 

The responses of thirty-four patients were within normal limits. 
Abnormalities were detected in seventeen patients (tables 1.and 2). 

As shown in the tables, the various positions of the lesions in the 
thirty-four patients with a normal ability to localize sound demonstrates 
that this sense is not easily destroyed or impaired. The lesions in the 
seventeen patients with an impaired ability to localize sound are not con- 


fined to any one region of the brain. However, there are two observa- 
tions of possible significance. 
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(a) Lesions affecting the temporal lobe are found proportionately 
more often in the group with an impaired ability to localize sound than 
in the group with a normal ability to localize sound. 

(b) There was choking of the disks in twelve of the thirty-four 
patients with a normal sense of sound localization and in eight of the 
seventeen patients with an impaired sense. Among the thirty-four 
patients with a normal sense, increased intracranial tension was found 
at operation in ten cases; it was reported absent in three cases; no 
mention of it was made in thirteen cases, and eight cases did not come 


TABLE 1.—Data in Thirty-Four Cases in Which the Ability to Localize Sound 
Was Normal 











Surgical Number Diagnosis 
24243 Glioma: temporal, left 
23599 Meningioma: temporal, right (medial part) 
24539 Perithelioma: temperofrontal, left 
24366 Glioma: temporal (posterior and superior part) and occipital, right 
24621 Oystie glioma: frontal, right 
23364 Glioma: frontal, left 
24627 Glioma: frontal, left 
24395 Glioma: parasaggital, left 
25181 Cystic glioma: parietal, left 
23698 Meningioma: parietal, left 
24883 Meningioma: parietal, left 
23945 Glioma: parieto-occipital, left 
24588 Metastatic carcinoma: occipital, left 
24873 Cystic acoustic neuroma: right 
23466 Glioma: cerebellar, midline 
23427 Cystic glioma: cerebellar, midline 
23718 Glioma: cerebellar, right 
79 Cystic glioma: cerebellar, right 
2544 Adenoma: pituitary 
24322 Glioma: optie chiasm 
24887 Cystic glioma: suprasellar region 
23864 Caleified endothelioma; choroid plexus, right 
24926 Pneumatocele with osteoma of the ethmoid 
23573 Cerebral tumor: left, unverified 
24540 Cerebral tumor: right, unverified 
23192 Cerebral tumor: left, unverified 
23426 Cerebral tumor: unverified 
24599 Glioma: pons, unverified 
23505 Pineal tumor: unverified 
23540 Cerebral tumor suspect 
24920 Cerebral tumor suspect 
23320 Cerebral arteriosclerosis ? 
24502 Psychoneurosis 


23826 Diabetes mellitus 








to operation. Among the seventeen patients with an impaired sense, 
increased intracranial tension was found at operation in ten cases, no 
mention was made of it in four cases, and three cases did not come to 
operation. 

Because increased intracranial tension was more common in cases 
showing tumor of the temporal lobe than in other types of cases in 
this series, it may be that only one of these two observations is signif- 
icant and that the other merely follows. With the small number of 
cases involved, it is difficult to arrive at a conclusion. The distribution 
of cases showing a lesion of the temporal lobe seems to be the more 
important, but tension also seems to have some independent effect in 
impairing the ability to localize sound. 
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One patient responded normally to all tests before operation, which 
involved an incision through the right temporal lobe into the lateral 
ventricle from which a calcified endothelioma of the choroid plexus was 
removed. Three weeks after operation, the tests were repeated. The 
ability to localize sound was normal with all tests, but with all tests was 


less acute than before operation. Unfortunately, there are no controls 
for this observation. 


TABLE 2.—Data in Seventeen Cases in Which the Ability to Localize Sound 
Was Impaired * 


Ability to Localize Sound 





9= ~ 
When the When the 
Time Intensity 
Number Factor Was Factor Was 
Surgical Used Alonet Used Alonet 
23216 Hemangio-endothelioma: temporal, right............. Completely Markedly 
absent impaired 
24798 Se I as os cn ie dad os bach eae Markedly Not tested 
impaired 
24777 Glioma: temporal, right. ovatsaveneeaetensbadbodetneas Impaired Moderately 
impaired 
24308 Ss .. Cs Bain oan i Sevececdss eke cyciend odtbiss Normal Moderately 
impaired 
24347 Chronie cerebral abscess: temporal, left......... ........ Slightly Normal 
impaired 
23609 Cystic ependymoma: parietotemporal, left.. ....... .... Impaired Normal 
25616 Meningioma: sphenoidal ridge, right...................... Impaired Normal] 
23473 Hematoma: over left cerebral hemisphere................ Normal Impaired 
24096 Cystic glioma: postcentral, right.....................005- Impaired Normal 
23917 SG eM Fido o ceed eget eadnwee scans aeesenee Impaired Slightly 
impaired 
24449 Meningioma: parasaggital, left... ...........cccccecceees Slightly Slightly 
impaired impaired 
2358 iS A a oii aoe op b.nchndstedessecacds Veue Impaired Normal 
23481 SS “ly Ria cc dincic cdadwevlessecoscsdeeweuse Completely Normal 
absent 
23390 Medulloblastoma: cerebellar ...............cccccscccceeces Impaired Impaired 
24340 Glioma: cerebral, right, unverified. ...................... Moderately Normal 
impaired 
23816 Cerebral metastatic carcinoma......................-++-: Impaired Impaired 
23797 a. * IONE. ~ vocccct Seieccantiveuces.ccseeere Slightly Normal 


impaired 


* In this table and in table 1, all diagnoses are operative diagnoses except in nos. 24599, 
24920, 24926, 23540, 23826, 23816 and 23797. In nos. 23320, 24588, 24627 and 25616 the diagnosis was 
also made at autopsy. Nos. 24243, 24540, 24395, 24883, 24873 of the normal cases and nos. 24308 
and 24777 of the abnormal cases were tested from nine days to three weeks postoperative. 
In three eases an operation had been performed at a previous entry. No. 23864 was tested 
before and after operation. In all other cases, the tests were performed only before opera- 
tion. The following order indicates the sense in which the following terms are used: normal, 
slightly impaired, moderately impaired, impaired, markedly impaired, completely absent. In 
no. 23573 (normal group) the conditions found at operation suggested a tumor in the anterior 
part of the temporal lobe. 


+ An explanation of these terms and of the tests is given in the opening paragraphs of 
this paper, the section on the apparatus used, and the section on the technie used in the tests. 


(3) The Ability to Detect Small Difference in Pitch and Intensitv 
of Sound: Twenty-eight and twenty-six patients, respectively, were 
tested. Abnormal responses were obtained in five and eight cases, respec- 
tively. These tests suggest that the temporal lobe more than other parts 
of the brain is concerned with the ability to detect small differences in 
pitch and intensity. There seems to be a relation between the ability to 
detect small differences of intensity and the intensity factor in sound- 











GREENE—LOCALIZATION OF SOUND 1837 


localization, which is shown by the impairment of this ability and this 
factor in the same cases. There also is a tendency for the ear with the 
greater impairment of the ability to detect small differences of intensity 
to be on the opposite side from the lesion. But the number of cases is 
too few for drawing definite conclusions. 


X. THE LOCATION IN THE BRAIN OF A CENTER FOR THE 
ABILITY TO LOCALIZE SOUND 


The excellent ability of patients to localize sound in spite of marked 
disease of the middle ear (and labyrinthitis in one case) suggests that 
the ability to localize sound is situated in the brain. Before it is possible 
to consider in what part of the brain it is situated, it is necessary to draw 
some conclusions about the auditory pathways. On leaving the ear, 
auditory nerve impulses might pass entirely to the temporal lobe on the 
same side or entirely to the temporal lobe on the opposite side, or 
impulses may travel from one ear to both temporal lobes. A study of 
the hearing in the persons with tumor of the temporal lobe in this series 
favors the conclusion that auditory pathways extend from each ear to 
both temporal lobes and form a decussation similar to that in the optic 
chiasm. 

Believing, then, that each temporal lobe receives impulses from both 
ears, one need not go outside the temporal lobe in order to find for the 
ability to localize sound a situation which will satisfy the one obvious 
requirement. This requirement is that such a region of the brain must 
receive auditory impulses from both ears for comparison and codrdina- 
tion. From purely a priori reasoning, the temporal lobes would seem the 
logical location in the brain for the sense of sound-localization. The 
independent, clinical evidence of the tests reported in this paper also 
favors some part of the temporal lobes as the most probable region of 
the brain for a center which enables one to localize sound, with probably 
one center in each temporal lobe.’* 


Possibly there is only one center, and the side on which this one 
center is situated depends on whether the patient is right-handed or left- 
handed. In case there are two centers, the picture may be complicated 


by nerve tracts connecting the two centers, perhaps crossing in the corpus 
callosum. 


18. The tables suggest that lesions in the right temporal lobe are related to 
the more definite impairments of the ability to localize sound with the time factor. 
However, the small number of cases makes such a statement a speculation. The 
assumption that a center for the ability to localize sound is situated in a restricted 
part of one or both temporal lobes would explain some of the conflicting data 
reported. A tumor in the temporal lobe, but not in this restricted part, would 
naturally not impair the ability to localize sound. 
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XI. THE RELATIVE IMPORTANCE OF THE TIME AND INTENSITY 
FACTORS IN THE LOCALIZATION OF SOUND 


In the course of these tests, fourteen neurologic patients were found 
with impairment of hearing on one side. The average ratio for the 
acuteness of hearing on the two sides in these fourteen patients was 
20:1. On the basis of Stewart’s calculations, the “middle zone” (in 
which sound seemed to the patient to be in the middle) should be dis- 
placed far from the midline in these patients, if the intensity factor alone 
operated in localizing sound.*® (Only 20 per cent more sound reaching 
one ear should cause a sound shift of 45 degrees, if the intensity factor 
alone operated.) Actually the displacement was little, if any, in four 
cases; in six cases, the zone was displaced approximately 8 degrees 
toward the side with impaired hearing, and in four cases the zone was 
shifted 8 degrees toward the side with the better hearing. It is 
obvious that some other factor besides the intensity factor must be oper- 
ating. As long as the brain can receive some auditory impulses from 
both ears, even if one ear is much less acute in hearing than the other, 
there is no theoretical reason why the time factor should not localize 
sound satisfactorily. Given a patient with impaired hearing in one ear and 
yet the ability to localize sound almost normally (and such is frequently 
the case), this ability to localize sound can be explained on the assump- 
tion that the time factor is the more important factor in the localization 
of sound and cannot be explained on the assumption that the intensity 
factor is the more important. 

It has been the experience of previous workers that under normal 
conditions of hearing, a noise is more easily localized than a tone. In 
these studies, when the time factor alone was used to localize sound, a 
noise was much more accurately localized than a pure tone. When the 
intensity factor alone was used to localize sound, a tone was localized as 
accurately if not more accurately than a noise. Thus, the results obtained 
when the time factor alone was used coincided with those obtained under 
the conditions of normal hearing. Opposite results were obtained when 
the intensity factor alone was used. The localization of sound under 
normal conditions has thus more in common with the time factor than 
with the intensity factor. It would seem that the time factor is the 
essential, more important factor in the localization of sound. 


XII. SUGGESTIONS FOR FURTHER WORK 


1. The concentration required of the patient in localizing sound is 
tiring. I suggest using only one or two tests with a series of patients 
and repeating these tests with each patient at several half-hour sessions 
before operation instead of performing several tests at- one session. 
Probably the localizing test which uses the time factor and a noise gives 
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the most definite readings and the most significant information. Con- 
clusions of value might be drawn from studying in this way a series of 
from 100 to 200 patients with tumor of the brain, including 50 patients 
with a tumor in the temporal lobe. Among other points some relation 
might be noticed between the nature of the lesion, whether infiltrative or 
not, and the degree of impairment of the ability to localize sound. It 
would be advisable for one conducting such work to see personally the 
exact location of each tumor as it is disclosed at operation. It would be 
interesting to repeat the tests in several cases after operation. One 
should record whether the patients were right-handed or left-handed, 
for this may be of some importance. 

2. With the apparatus used in these tests, it is possible to cause the 
sound to shift toward the left (as heard by the patient) by altering the 
ratio of intensity of sound reaching the ears, and then to cause the 
sound to return to the middle by altering the relative times of arrival 
of the sound arriving in the ears. In other words, the intensity factor 
can shift the sound in one direction and while the intensity factor con- 
tinues to act, the time factor, acting in the opposite direction, can bring 
the sound back to the middle. By a number of such measures of the 
amount of one factor needed to balance the other factor, it would be 
possible to draw a curve of the time factor plotted against the intensity 
factor. The position and shape of such a curve might have some 
diagnostic value. 

3. A patient who was unable to localize a noise with the time factor 
had a marked degree of hydrocephalus. This recalled the thinning of 
the corpus callosum which is seen in hydrocephalus and suggested that 
fibers in the corpus callosum which connect the temporal lobes might 
be concerned with the localization of sound. 


4. It is possible that Guden’s commissure, in close relation to the 
pituitary body, may play a part in connecting the auditory centers, and 
in this way it may have some relation with the localization of sound. 
If so, a pituitary tumor might possibly affect the ability to localize 
sound. 

5. In testing a patient for his ability to localize sound, if the hearing 
is impaired on one side, one expects to see a shifting toward the ear 
with the less acute hearing of the zone in which the sound seems to the 
patient to be in the middle. However, in nine cases this shifting was 
toward the ear with the better hearing, contrary to what one would 


expect. There is a tendency for this shift to be away from the side 
with the lesion. 


6. It is conceivable that when a sound is made in a patient’s ear the 
electrical potential of the cerebral cortex to which the auditory impulses 
travel is made by these impulses higher or lower than the electrical 
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potential of other parts of the cerebral cortex. Accordingly, I made 
preparations for an effort to lead to an electrocardiograph a current 
from the temporal cortex while a noise was made in the patient’s ear 
during an “osteoplastic flap” performed under local anesthesia. Time 
was lacking to make the trial, but it is hoped that someone else will 
develop this method. Ether would break the synapses, and procaine 
would probably be unsatisfactory with lower animals because of muscle 
action currents. This method should be applicable to the study of other 
senses. 
XIII. SUMMARY 

1. The ability to localize sound in the lateral plane is a definite 
sense which is constantly giving accurate and useful information. 

2. If a subject hears a sound on the right side, for instance, he 
knows that the sound is on the right side for two reasons: (a) Each 
sound wave reaches the right ear before it reaches the left ear. (b) The 
sound is louder in the right ear. These two factors in the localization 
of sound may be called the time and intensity factors. Clinical evi- 
dence favors the time factor as the more important. 

3. In this paper, a study of the ability of ninety-eight subjects to 
localize sound is reported. Of these subjects nineteen were controls, 
thirteen were otologic patients, and sixty-six were neurologic patients. 
Among the neurologic patients, the diagnosis of tumor of the brain was 
verified in forty-two cases and was the probable diagnosis in fourteen 
other cases. 

4. The localization of sound under natural conditions is effected 
by the simultaneous use of the time and intensity factors which were 
mentioned previously. Apparatus was devised with which the use 
of these factors in localizing sound was tested separately. The appa- 
ratus demonstrated definite impairments in the ability to localize sound 
which were not detected by the test for sound localization under the 
usual conditions of hearing in which the subject could use the time and 
intensity factors simultaneously. 


5. Most patients with disease of the middle ear, who were tested, 
localize sound with almost normal accuracy. 


6. There is no constant relation between an impaired ability to 
localize sound and tumors in any one part of the brain. 


7. However, tumors of the temporal lobe are found proportionately 
more often among patients with an impaired ability to localize sound 
than among patients with a normal ability to localize sound. Choking 
of the disks and increased intracranial tension as found at operation 
are more common in the group with an impaired ability to localize 
sound than in the group with a normal ability to localize sound. 
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8. Suggestions for further work are made. Incidentally, a method 
for localizing functions in the brain is suggested in which an electrical 
current from the cerebral cortex would be used. Such a current would 
be caused by a difference of potential produced by nerve impulses 
reaching the cortex. 

CONCLUSIONS 

There are two possible interpretations of the observations reported 
in this paper : 

1. Lesions of the temporal lobe tend to impair the ability to local- 
ize sound. 

2. Increased intracranial pressure tends to impair the ability to 
localize sound. (Special localizing tests are necessary to demonstrate 
these impairments. ) 


Although it is possible that one of these two hypotheses is sufficient 
to interpret the observations reported, both hypotheses are probably true. 
However, I wish to emphasize the tentative nature of these hypotheses. 

Further work along these lines may cause some of the silent areas 
of the brain to speak. 
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THE UNIVERSITY OF WISCONSIN MEDICAL SCHOOL 


A RETROSPECT 
BURTON CLARK, JR. 


Only a few days ago the new Medical School Building of the Uni- 
versity of Wisconsin was opened for classes. This occasion marked 
the final step in a project begun long ago to found a complete course 
in medicine at Madison. It, therefore, seems a fitting time to look 
backward to the antecedents of the present school and see what founda- 
tions it has been built on. ; 

One has only to go through the buildings of the new school and 
hospital to realize how well it is equipped for teaching and for research. 
The medical unit consists of the Service Memorial Institutes Building 
just completed ; the Wisconsin General Hospital, first opened in 1925, 
and two smaller buildings, the Bradley Memorial Hospital and the 
Student Infirmary. All these buildings are of similar architecture and 
situated between University Avenue and Linden Drive. This medical 
unit links two other scientific departments of the university, for on one 
side are the Chemistry and Physics Buildings and on the other side is 
the College of Agriculture. 

To the casual visitor in Madison it must undoubtedly appear as if 
the medical school there has sprung up over night. Not much more 
than a year ago, the University of Wisconsin conferred to a small 
class its first degrees of Doctor of Medicine. Already Madison is 
recognized as a medical center, having one of the best medical schools 
in the country. The rapidity with which the school has changed from 
a struggling group working with inadequate equipment into one in which 
are found the best of laboratory facilities, abundant clinical material 
and a large faculty is astonishing. This change is the more astonishing 
when one realizes that the first slow step to create a medical school 
took almost seventy-five years, whereas the medical school as it is 
known today has been largely created in a little more than five. 


Since I was a student in the medical science course at Madison 
a few years ago, this change is of much interest to me. It has prompted 
me to look further back to the beginning of the idea of medical teaching 
at the University of Wisconsin, and see by what slow process of 
evolution it has developed. Looking back over these eighty years of 
halting progress, one is impressed by the fact that the present school is 
simply the culmination of a series of steps, carefully planned and held 
to doggedly against widespread criticism and difficulties by two or three 
guiding spirits in the university. 
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The history of the medical school at Madison begins with the year 
1848, for in that year a department of medicine in connection with the 
university was provided for by an act of the state legislature. In older 
sections of the country, 1848 is, perhaps, not so long ago, but for 
Wisconsin that year means the beginning of things. It is interesting to 
note what the situation was at that time. 

In 1836, the Wisconsin territory, boasting a population of 11,000, 
was organized, but in the next decade there was a marked emigration 
to this territory, so that by 1850 the population had increased about 
1,000 per cent. In 1838, only two years after its birth, the Wisconsin 
territorial legislature passed a bill for the establishment “at or near 
Madison, the seat of government, of a University for the purpose of 
educating youth.” The bill was approved by Governor Dodge, but, 
except for the selection of lands, the proposed university was not 
furthered for ten years. 

In 1848, the Wisconsin Territory was organized as a state. The 
same year, the Board of Regents of the university held its first meeting 
and elected the first university professor. Early in the following year, 
this first professor, John W. Sterling, enrolled the first class, composed 
of seventeen members, in quarters temporarily provided by the citizens 
of Madison. The original charter of the university drawn up at this 
time provided for the “erection of four departments: (1) The Depart- 
ment of Science, Literature, and the Liberal Arts; (2) The Depart- 
ment of Law; (3) The Department of Medicine; and (4) The 
Department of Theory and Practice of Elementary Instruction.” Thus, 
in the same year, 1848, when a department of medicine in connection 
with the university was provided for by the legislature, the Wisconsin 
Territory became a state, and the university was definitely organized. 
The university, its department of medicine, and the state, therefore, 
are coeval. However, although it was provided for so early, little even 
resembling a medical school developed until long afterward. 

The next thing that one hears of medical instruction is in 1855 when 
the regents appointed a faculty of medicine and provided for seven 
chairs of instruction. The university catalog of the following year 
gave the following members of the faculty of the department of medi- 
cine: Alfred L. Castleman, dean, theory and practice of medicine; 
Ezra S. Carr, chemistry and pharmacology; D. C. Ayres, obstetrics and 
diseases of women and children; George D. Wilbur, materia medica and 
botany; Samuel W. Thayer, Anatomy; Joseph Hobbins, surgery; 
Alexander Schue, instructor of medicine and pathological anatomy, and 
J. M. Lewis, demonstrator of anatomy. However, as funds for salaries 


or equipment were not provided, classes were never held, and nothing 
developed. 
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Fig. 1—South Hall, one of the oldest buildings on the campus. Some of the 
early classes in medical science were held here. 





Fig. 2.—Science Hall. Here the botany and zoology classes of the ’90’s were 
held, and it later became the home of the medical science course. 

















Fig. 3—The Wisconsin General Hospital, which has made possible the insti- 
tution of the full medical course in connection with the university at Madison. 




















Fig. 4.—The Service Memorial Institutes Building as it appears from Charter 
Street. The latest addition to the University of Wisconsin Medical School. 
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Then, after a lapse of twenty years, the subject was brought up 
again. In 1875, the legislature transferred to the regents of the 
university the custody of the Soldiers’ Orphans’ Home, then situated 
“on Lake Monona about two miles east of the university. The regents 
were authorized to establish there a medical college. After consulting 
with the state medical society as to the feasibility of such a project, 
the regents concluded that the organization of such a college at that 
time was impractical. Then they asked the legislature’s consent to dis- 
pose of the Soldiers’ Orphans’ Home property and to turn the proceeds 
into needed buildings on the campus with the understanding that a 
medical college in connection with the university should be organized 
as soon as circumstances beyond the control of the board warranted the 
undertaking. At this time, President Bascom stated that such a medical 
college should be established not in Madison, but in Milwaukee where 
there were much greater advantages in amount and diversity of clinical 
material. He added that a medical college in Milwaukee might well 
be united to the university. At any rate, the legislature authorized the 
sale of the Soldiers’ Orphans’ Home, and for many years more the 
regents did not see their way toward the establishment of such a school. 

The reason for these repeated futile attempts to establish a medical 
college is found in the situation in which the university found itself 
during its early years. At that time, there was widespread, hostile 
criticism throughout the state of the way the university was being 
developed. The public wanted a “real and practical University,” while 
the one which they were supporting had been from its inception almost 
wholly a classic college. Popular demand for professional schools at 
the university was strong. However, such schools, and particularly 
medical schools, were costly—prohibitively so to a university as poor as 
Wisconsin was at that time. Such a thing as a medical college was out 
of the question, but something had to be done to satisfy public demand. 
It was through periodic gestures to organize a medical school that an 
attempt was made to appease this popular sentiment. 

Finally, when nearly forty years had elapsed from the time the 
medical college was authorized by the legislature, medical training at 
the university was definitely begun by Dr. E. A. Birge. In 1880, 
Dr. Birge, who only recently had come to the university as a young 
man from Harvard, obtained a leave of absence for a year of European 
study in the medical schools at Leipsig under Dr. Ludwig. He did this 
in order to fit himself to teach some of the basic medical sciences and 
to begin the work of organizing the premedical course at the university. 
Dr. Birge returned to Madison with this purpose in mind, and, sponsored 
and developed by him, the premedical course grew until it became the 
more complete medical science course given in 1907. This premedical 
course was established at the university in 1886. Its object was to give 
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a preliminary training to students intending to study medicine. Prior 
to 1907, graduation from this course entitled the student to one year’s 
credit on his medical course at Rush Medical College in Chicago. To 
this college, most Wisconsin students went. 

The medical school at the University of Wisconsin seems rightfully 
to have had its origin in these early classes in biology given by Dr. Birge. 
It is true, however, that instruction in some of the sciences preparatory 
to medical study were given at the university prior to this time. Appar- 
ently the first classes in any of the medical sciences were those taught 
by Dr. David Boswell Reid from 1859 to 1861 in physiology and 
hygiene, and the classes in comparative anatomy and entomology in 
1869 to 1870. Teaching in physics and chemistry was begun in 1878 
and 1879 by John E. Davies, M.D., and W. W. Daniels, M.S., respec- 
tively. During the first few years, the premedical course included 
instruction only in inorganic chemistry under Davies, organic chemistry 
under Homer W. Hillyer, physics under Daniels, biology under Birge 
and botany under Dr. C. R. Barnes. A few years later, it gained two 
young mén who were to become widely known for their ability as 
teachers and their contributions to science. 

The first of these men, Dr. William S. Miller, came to Wisconsin in 
1891 as an instructor in biology. The following year, he began the 
teaching of histology, embryology and vertebrate anatomy. Dr. Miller 
has become internationally known as an authority on the structure of 
the lung, and he is also a great teacher. Together with Dr. Birge, he 
has given inspiration to a long list of students, some of whom have 
themselves become well known as teachers of medicine. The other 
man was Harry L. Russell, Ph.D., who began his work at the 
university as Fellow in Biology, and who, in 1893, became assistant 
professor in bacteriology. 

It is this modest premedical course, begun by Dr. Birge in 1886, 
which entitled its graduates to one year’s credit in medicine at Rush 
Medical College which was the first real step in the foundation of the 
present medical school. Although it was small and had little in the 
way of laboratories, it soon acquired the reputation of being one of 
the best schools of its kind in the country, counting among its graduates 
a long succession of men who have since distinguished themselves as 
physicians and teachers. Lack of space curtails an appropriate list, 
but a few names such as the following are, perhaps, representative: 
Dr. John M. Dodson, Dr. H. B. Favill, Dr. A. J. Ochsner, Dr. J. C. 
Bloodgocd, Dr. G. LeRoy Hunner, Dr. Charles H. Bunting, Dr. E. P. 
Carlton, Dr. J. D. Madison, Dr. A. W. Meyer, Dr. A. H. Curtis, Dr. 
H. F. Helmholz, Dr. J. G. Heuer, Dr. John L. Yates and E. H. Schorer. 
All these men began their medical education in the premedical course 
at Wisconsin in the years before 1904. 
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In 1906, agitation for a college of medicine was again started, this 
time by the faculty of the premedical course. The renewal of this 
subject brought forth much active discussion both within the university 
and outside. The arguments against such a move were the same as 
had been used against it in all the previous attempts. It was felt by 
many that a four year medical school situated at Madison would be 
excessively costly for both plant and carrying charges. Moreover, it 
could not hope to be a success in view of the lack of clinical material 
in a relatively small city. It was also argued that, if a medical school 
were needed, it might much better be placed in Milwaukee, but that 
there was no necessity even for that, as the needs of medical education 
of the Middle West were already well provided for by established 
schools in Chicago and other large cities. 

Those in favor of the plan stated that the medical school would 
offer only the first two years of the course which did not require 
clinical material nor much expense, since the buildings, instructional 
force and equipment of the university generally would be adequate. 
Students taking such a two year course could go elsewhere for their 
clinical work, and receive credit for the two years’ work in medical 
science which they had had at Madison. This they would be unable 
to do unless a medical school were incorporated at the university. The 
shrewd objectors foresaw and feared that the establishment of the 
first two years of medicine would be followed later by an attempt to 
establish an entire four year school. 

After considerable discussion, however, the Board of Regents at a 
meeting in December, 1906, decided to ask the state legislature to 
authorize the first two years of the medical course at the university. 
This authorization was obtained. The long desired medical school was 
established the following spring. In the fall of 1907, the first classes 
in the medical science course were begun. In 1908, the complete second 
year was begun by the addition of the departments of pathology, med- 
ical bacteriology, pharmacology and toxicology. Dr. Charles R. 
Bardeen came to Madison to teach anatomy and embryology, and to 
take charge of the development of the new school as its dean. He 
brought other young men to Madison to develop new departments. 
Most of these men have remained to find hopes realized in the splendid 
laboratories of the Service Memorial Institutes Building into which 
the school has just moved. How well these men were chosen for 
their ability as teachers and investigators was amply demonstrated in 
the enviable reputation Wisconsin gained for its two year course. Its 
graduates have for years been welcomed to advanced standing in all 
the better schools of the country, so far as the resources of these schools 
have permitted. As in the days of the premedical course, a large 
number of the graduates of this course have gone to Rush Medical 
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College in Chicago, but each year many of its students have also gone 
to the third year of the medical schools of Harvard, Pennsylvania, 
Cornell, Northwestern, Illinois and Washington Universities and the 
College of Physicians and Surgeons in New York. 

In its early years, the medical science course was housed in tempo- 
rary, crowded quarters in buildings belonging to other departments of 
the university. The department of medicine occupied attics and base- 
ments of South Hall, the Chemical Engineering Building and Science 
Hall. Fortunately, in 1913, the departments of zoology and botany were 
removed to the new Biology Building, and, in 1917, the department of 
physics was removed to Sterling Hall, so that considerable room was 
left in Science Hall. The departments of pathology and medical bac- 
teriology were then removed from the attic of South Hall, and the 
departments of physiology, physiological chemistry and pharmacology 
were transferred from the Chemical Engineering Building. Conse- 
quently, since 1917, Science Hall has housed all the departments of the 
medical sciences, together with the department of geology. Since that 
time, the course in the first two years in medicine has become firmly 
established. 

In 1907, the state laboratory of hygiene was created. This is the 
laboratory of the state board of health, but it is supported through the 
university budget and comes within the jurisdiction of the medical 
school. The state laboratory was placed in South Hall on the uni- 
versity campus in order that advantage might be taken of facilities for 
research. It has always cooperated closely with the medical school. 
This laboratory, under the direction of Dr. W. D. Stovall, does an 
immense amount of routine diagnostic work, such as examinations of 
throat smears, sputum, blood cultures and water specimens for phy- 
sicians throughout the state. It is also active in scientific investigation. 
The laboratory of hygiene has now been transferred to quarters in the 
new Medical School Building adjacent to the hospital. 

In 1915, a somewhat similar laboratory was created by the estab- 
lishment, by the State Board of Control, of the State Psychiatric Insti- 
tute across the Lake at Mendota, Wis. Like the state laboratory of 
hygiene, this institute has a trifold purpose: namely, to carry on scientific 
research, to teach and to render public service. This laboratory under 
the direction of Dr. W. F. Lorenz, has rendered invaluable service 
to the state in giving physicians free service in making Wassermann 
tests, examinations of the spinal fluid and blood chemistry examinations. 
In 1925, the psychiatric institute was transferred from Mendota to the 
Bradley Memorial Hospital situated adjacent to the present medical 


school buildings, in order to secure closer cooperation with other labora- 
tories of the university. 
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The teaching of clinical medicine in a small way was made first 
possible by the establishment in 1910 of a student health service at the 
university. A widespread epidemic which cost the lives of several 
students was the stimulus for this organization. The epidemic was 
traced to a carrier who had been working as a waiter in one of the 
student dining halls. It was believed that future epidemics of con- 
tagious disease might be prevented, or at least controlled, if cases of 
illness among the students could be promptly reported to a central 
office. It was soon found that prompt reporting of illness could be 
secured only by offering medical attention to the students. To accom- 
plish this end, the staff was enlarged, and an addition was made to the 
Olin House on Langdon Street near Science Hall. This house was 
used as the university clinic from 1912 to 1924, when the outpatient 
division of the student health service was moved to the first floor of the 
Wisconsin General Hospital. For infirmary care, students were at 
first accommodated in wards at the Madison General Hospital, but later 
the Raymer House, a small frame structure next door to the clinic 
building, was used for this purpose. Inevitably, this small structure 
became inadequate and was replaced by the modern university infirmary, 
built partly from state funds and partly from private gifts. Fortunately, 
it was built on land adjacent to the present medical school. 

The main purposes of the student health service are: to prevent 
the spread of contagious diseases, to promote personal and public 
hygiene at the university and to provide medical care for the students. 
Nearly all universities now have a student health service and recognize 
its importance. Wisconsin holds a leading place in this attention to 
student welfare. The University of California was first to establish 
such a service, and Wisconsin was second. The student health service 
was created by Dr. J. S. Evans who is now professor of medicine at the 
university. The immediate supervision of the work was later taken over 
by Dr. Robert Van Valzoh, now professor of clinical medicine. 

The organization of a student clinic and infirmary with its medical 
staff made possible a certain amount of teaching in clinical medicine, 
and since 1910 courses in physical diagnosis and clinical laboratory 
diagnosis have been given to students in the latter part of their second 
year. Later on, courses in minor surgery and elements of surgery 
were established. The clinical teachings by Dr. Evans and his staff 
in the student health service served as a nucleus for the present well 
developed clinical courses. 

In 1921, another department of state service was begun. The 
legislature established the office of state toxicologist in connection with 
the department of pharmacology and toxicology at the medical school. 
The chief purpose of this office is to lend aid in cases of suspected 
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poisoning throughout the state. This office, now in charge of Dr. C. W. 
Muehlberger, is situated in the medical school building. 

The requirements of their own students eventually compelled most 
medical schools to limit more and more the number of students admitted 
to advanced standing from other colleges. This made it increasingly 
difficult for Wisconsin students to find openings in suitable schools to 
finish their training. Since this situation was bound to become more 
and more difficult as time went on, it became imperative that the 
full medical course be offered at the university. The question of how 
properly to offer the clinical years of medical teaching in a city the 
size of Madison became a pressing problem. It fell largely on‘ the 
shoulders of Dr. Bardeen, dean of the medical school. How well Dr. 
Bardeen has solved this problem is evident in the beautiful, large hospital 
and laboratory buildings now seen at Madison, and its medical school 
which has already taken its place among the recognized schools of the 
country. 

Dr. Bardeen’s problem was not the problem of 1880 of starting a 
premedical course, nor the problem of 1907 of establishing a medical 
science course. These could be given in university classrooms and 
laboratories already existing, and at relatively small expense. Instead, 
not only did his problem involve great expense, but, to make his plan 
successful, he had, somehow, to find the necessary clinical material. 
For years it had been said by those qualified to know that Madison was 
too small for the purpose. With almost the single exception of the 
University of Michigan, all important medical schools are situated in 
large cities. He realized, however, that if he could have a large public 
hospital which drew patients not only from Madison, but from the 
entire state as well, he would have abundant facilities for teaching. 
With this idea in mind, he spent many discouraging years attempting to 
interest the legislature in his project; but because this project involved 
considerable state expense, the legislature was not convinced. 

Finally, in 1920, the opportunity came. Following the World War, 
Wisconsin showed its appreciation of its soldiers in a number of 
splendid ways. Believing that the finest way it could show its gratitude 
was to assist its wounded to regain their health, enabling them to 
return to civil life, it created a service recognition fund, an educational 
bonus fund and a rehabilitation fund. In 1920, there was a large 
surplus in the service recognition fund. At a special session of the 
legislature in that year, an act was passed authorizing the use of this 
surplus for the establishment at the university of the Wisconsin General 
Hospital, as a memorial to those who served in the war. The purpose 
of this hospital was to provide a hospital for citizens of the state, who 
could not afford care in private institutions. This hospital was just 
what was needed to furnish the necessary clinical material. 
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The hospital was built on University Avenue, adjoining the infirmary 
and the Bradley Memorial Hospital. Its situation, next to the Physics 
and Chemistry Buildings on one side, and to the College of Agriculture 
on the other, makes it especially well adapted to the scheme of the 
university. The total amount appropriated for the hospital building 
and its equipment, including the nurses’ home, was $1,350,000. Addi- 
tional funds were appropriated for the purchase of the land. 

The hospital was opened for patients in 1924. It is a beautiful six 
story structure, built in the form of a T, and planned to accommodate 
three hundred and fifty patients. The vertical arm of the T is essentially 
a service wing, including the kitchen, dining rooms, laboratories and 
operating rooms. The central portion of the T is largely devoted to 
administrative purposes. The sixth floor is for general surgical patients. 
The fifth floor is for special surgical patients, including, eye, ear, nose 
and throat and orthopedic cases. The fourth floor is for medical 
patients. Each wing of these three floors contains two twelve bed 
wards, and eight two bed wards. The second and third floors are for 
neuropsychopathic patients and obstetric patients, respectively. The 
first floor contains the outpatient department. The roof is equipped as 
a solarium for the care of patients needing open air treatment. 

The act, which provides for the support of the hospital and defines 
its purpose, makes it mandatory for physicians and public officials, and 
advisable on the part of others interested in public welfare, to report 
to their county judge, patients who need care and cannot afford it. The 
act also provides for the transportation to the hospital at Madison and 
for medical care, at joint county and state expense, of such of these 
patients as are found, on further investigation, likely to be benefited 
by treatment given at the hospital. The hospital also provides for 
patients who can afford hospital care and are in need of special diag- 
nostic or therapeutic facilities not readily obtainable elsewhere. 

The hospital staff has been chosen carefully with reference to spe- 
cial training, and to experience in teaching and research. It is com- 
posed both of full time and of part time men. Within a little more 
than a year from the time it was opened, the hospital was usually filled 
to a point close to its capacity. With the completion of the hospital, 
there was no longer any obstacle to the installation of the complete 
medical course. In the fall of 1925, the first classes in the third year 
of the medical course were begun, and this class, the first to receive the 
M.D. degree at the University of Wisconsin, graduated in 1927. 

But now that fortune had begun to smile, an added development 
soon came in the way of another new building large and adequate 
enough to house nearly all the departments of the medical school. In 
1925, the state legislature provided for the erection and equipment of a 
magnificent medical school building in connection with the Wisconsin 
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General Hospital. This was to be called the Service Memorial Institutes 

3uilding as a memorial to those who served in the World War. At 
this time, there was a surplus in the rehabilitation fund amounting to 
between $600,000 and $900,000. The Wisconsin department of the 
American Legion, which had several years before sponsored the neces- 
sary legislation for the use of the surplus in the service recognition fund 
for the construction of the Wisconsin General Hospital, felt that the 
best use for this surplus in the rehabilitation fund was to devote it to 
a group of institutes devoted to research and teaching in medicine. 
For this reason, the American Legion gave hearty support to the idea, 
and, with the public approval of Governor Blaine, legislation was passed 
in 1925 to provide for such use of this fund. The purpose of these 
Service Memorial Institutes was to provide facilities for the advance- 
ment of knowledge of medicine and hygiene, including rehabilitation, 
for the educational and social work of the medical school and hospital, 
for the state laboratory of hygiene, for the psychiatric institute, for the 
laboratory of the state toxicologist and for similar educational and 
scientific work later to be established. 

The Service Memorial Institutes Building has just been completed. 
With the opening of school in the fall of 1928, the first classes were held 
in it. It is built as a unit of the new medical center, in the same type 
of architecture as the General Hospital. The building is a five story 
structure on the corner of Charter Street and Linden Drive. It is 
adjacent to the north end of the General Hospital, and is connected 
with the latter by corridors from the first and third floors, making it 
a compact unit with the hospital. The institute, as it is now constructed, 
houses laboratories for both educational and research work in hygiene, 
physiology, physiologic chemistry, pathology, bacteriology, parasitology, 
pharmacology, toxicology, radiology and rehabilitation. With the open- 
ing of school in the fall of 1928, all of the departments of the medical 
school were established in the new institutes building, with the exception 
of anatomy and psychiatry. Provision for new quarters for these sci- 
ences has not yet been made. Anatomy, together with histology, neurol- 
ogy, and embryology, will still be taught in Science Hall, but, with the 
removal of all the other branches from that building, there is now ade- 
quate space to provide proper laboratories for these subjects there. The 
Psychiatric Institute will continue temporarily in the basement of the 
Bradley Memorial Hospital, 

The idea carried out in these scientific institutes follows the method 
long in vogue in the schools of the Scandinavian countries and Germany. 
In those European countries, each institute usually has its own building. 
At Wisconsin, it was felt that all the departments could be more 
economically and efficiently placed under one roof. The plan and 
equipment of the laboratories in the Service Memorial Institutes Build- 
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ing is thoroughly modern and complete in every way. In a general 
way, each department has a large laboratory for classwork, and, in 
addition, numerous smaller laboratories containing all possible facilities 
for carrying on advanced work and special lines of research. The 
building also contains lecture and class rooms and the library of the 
medical school. 

Two features distinguish the University of Wisconsin Medical 
School from other schools of this country. One of these is the definite 
state-wide service which each of the institutes will offer to some degree. 
The institutes of psychiatry, hygiene, toxicology, rehabilitation and 
radiology will offer especially direct and valuable public service. The 
work of the first three of these has been described. The value of the 
fourth is obvious. The radiologic institute will have a radium emanation 
plant from which capsules of emanation will be distributed at cost to 
physicians of Wisconsin for use in treating their patients. 

In the other feature, the medical school of Wisconsin University is 
unique, for it represents a frank departure from established methods of 
teaching. When this departure was started two years ago, it was 
widely discussed as an experiment. Now its value has been proved. 
There is little doubt that a period of apprenticeship in the fourth year 
will form a permanent part of the medical course at Madison. In 
former times, medical schools were few. Most young men, instead of 
going to school, learned the art by serving as an apprentice to some 
physician in their community, much in the way a carpenter learns his 
trade today. With the development of schools, this system passed 
entirely out of vogue. With the rapid increase in scientific knowledge, 
medical practice has become revolutionized, and with this change has 
come a growing tendency to teach medical students more and more 
along purely scientific lines. This increasingly scientific character of 
teaching has come at the cost of losing more and more of the human 
side of medicine. The medical student is kept so occupied with the 
study of disease that he leaves his school and his hospital internship 
thinking wholly in terms of disease and the laboratory, and without 
any knowledge and with little interest as to what that disease means to 
the patient. When he enters practice, he is likely, for a time, to be 
somewhat of a misfit, and unhappy because he has been trained to 
diagnose and treat disease, and not to consider its psychologic and 
economic results in the patient. Teachers of medicine have widely 
realized this serious fault in medical training. 

Dr. Bardeen has been the first to make a direct attempt to com- 
pensate for this loss of training in the art of medicine. Each student at 
Wisconsin in his fourth year spends three months as an apprentice to 
a series of practicing physicians in one of the several cities organized 
for this purpose in various parts of the state. These associate teaching 
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centers are situated at Ashland, Eau Claire, Janesville, La Crosse, 
Madison, Marshfield, Milwaukee, Oshkosh, Rhinelander and Wausau. 
At each of these places, a small group of practicing physicians have 
been chosen for their ability, experience and desire to teach, to serve 
as preceptors. During this three months’ period, each student serves 
exactly as an apprentice under each of the teachers in that community 
in turn. The student is with his preceptor almost continually. He 
makes calls with him and works with him in his office. In this way, 
the student receives a training of a personal and valuable form, and 
one he could never be given within the walls of a hospital. This pre- 
ceptorial system which has now been carried out for two years has 
aroused considerable interest among other medical schools. The system 
has proved gratifying not only to the university and the students, but 
also to the physicians who serve as preceptors. These physicians, for 
the most part, feel that they have gained a closer touch with academic 
medicine, have learned much by teaching and have thoroughly enjoyed 
the contact with young and enthusiastic students who are soon to enter 
practice themselves. 

The classes in the clinical years of the medical school are, for the 
present at least, kept relatively small. From its beginning in the classes 
of Dr. Miller and Dr. Birge, the aim of the medical school at Wis- 
consin has been quality rather than quantity production. Ninety-six 
students may enter the medical school each year. Two courses are open 
to those students. One of these, the two year course in medical science 
begun in 1907 and leading to the degree of Bachelor of Science, is open 
to forty-eight students. On completion of this course, the students 
must go to other medical schools, as formerly, for the completion of 
their work. The other, the four year course, established in 1925, leads 
to the degree of Doctor of Medicine. This course is also limited to 
forty-eight students. Instruction in the clinical years is offered at 
Madison largely in the wards and outpatient departments of the Wis- 
consin General Hospital, at the Student Infirmary and at Bradley 
Memorial Hospital, and at ten preceptorial centers in larger cities of the 
state. Work in some of the special clinical branches is given at associate 
centers in Milwaukee and Chicago. Teaching in dermatology is, in 
part, carried on at the Milwaukee City Dispensary. Students have three 
weeks of special training in pediatrics at the Children’s Hospital in 
Milwaukee. Fourth year obstetrics is given in Chicago at the Chicago 
Lying-in Hospital. A certain amount of instruction at Madison is 
also given in the Student Infirmary and the Bradley Memorial Hospital, 
both of which are under university control and situated adjacent to the 
larger buildings of the medical center. 
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Dr. Birge, Dr. Bardeen and those others who have so long cham- 
pioned the cause of the full medical course at the University of Wis- 
consin may well feel the greatest satisfaction in what their labors have 
won. Certainly, it has been largely due to the foresight and dogged 
persistence of these men thai the university can now boast of the 
splendid medical school it has today. One has only to go through the 
Wisconsin General Hospital, and the Service Memorial Institutes Build- 
ing to realize the tremendous possibilities the school has for the 
future. 





LOCAL MORPHOLOGIC CHANGES FOLLOWING 
SECTION OF THE THORACIC SYMPA- 
THETIC NERVE TRUNK* 


FRANC D. INGRAHAM 


The recently manifested interest in the surgery of the sympathetic 
nervous system has been stimulated largely by the work of Jonnesco 
(1922) concerning cervical sympathectomy for angina pectoris, of 
Leriche (1916) in regard to peri-arterial sympathectomy and of Hunter 
and Royle (1924) in their effort to relieve spastic paraplegia by rami- 
section. During the past two years, the division of a sympathetic trunk 
has been performed on a large scale, both experimentally and clinically, 
in an attempt to study and relieve various ill defined disorders. The 
following work was done with the purpose of determining the exact 
character of the local morphologic changes following simple section of 
such a trunk, especially with regard to neuroma formation. 


MATERIAL AND METHOD 


The left thoracic sympathetic trunk was divided in thirty-two dogs and in 
seven cats. All the animals were full grown and in good health prior to operation, 
and their behavior after operation remained entirely normal. The procedure was 
carried out in the same way in all cases. Ether was given under positive pressure 
by intratracheal insufflation; the left side of the chest was opened near the spine 
through an 8 cm. incision between the seventh and eighth ribs. Retraction of the 
lung exposed the sympathetic trunk which was then divided through a transverse 
opening in the pleura opposite the eighth rib. Care was taken not to cut through 
a ganglion or through the junction with a communicating ramus. Except in one 
instance, the cut ends were left where they lay after spontaneous retraction of the 
incised pleura, that is, from 3 to 5 mm. apart. The ends were not sutured in any 
case, and in one animal 2 cm. of the trunk was removed. The wall of the chest 
was closed without suturing the pleura, and the subcutaneous tissues and skin were 
approximated with fine interrupted silk stitches. The animals were killed in from 
six days to five months after operation. 

The gross and microscopic specimens examined represented, in the majority 
of cases, preparations from the central and peripheral stumps, together with the 
intervening scar; in the remaining instances, the stumps were prepared separately. 
Staining was done by Ranson’s modification of Cajal’s method and by Cuajunco’s 
method. A few specimens were stained with hematoxylin and eosin. 


GROSS CHANGES 


At the site of the wound in the wall of the chest, there was, in every 
instance, marked thickening of the pleura with the deformity which 
would be expected from the method of closure employed. In the 


* From the Surgical Hunterian Laboratory of Johns Hopkins Hospital. 
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animals killed within a period of fifteen days, a noticeable but not severe 
reaction occurred around the ends of the trunk. In those killed after a 
longer period, there was only slight thickening of the pleura, which, in 
every instance, had regenerated sufficiently to close the defect. Several 
methods were employed to obtain satisfactory preparations of the nerve 
ends themselves for study. Fixation in situ by filling the chest with 
formaldehyde was found to give the best result. In this way, a careful 
examination of both ends of the trunk was possible, and the trunks and 





Fig. 1—Thoracic sympathetic trunk of cat: A, 36 days after section; B, 35 
days after section; C, 26 days after section; D, 25 days after section. 


intervening tissue could be dissected away from the adherent pleura. 
Not in any instance was there marked enlargement in either end of the 
severed nerve. The appearance shown in figure 1 is characteristic of 
the gross changes found, i.e., a scarcely perceptible increase in the 
diameter of the trunk immediately above and below the scar, without 
any demonstrable difference in the central and distal stumps. In only 
one instance was the enlargement sufficient to be considered a possible 
neuroma, but microscopic examination showed the swelling to be due 
entirely to closely adherent scar tissue. 
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Fig. 2—Junction of proximal and distal ends of sympathetic trunk 
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Fig. 3—Same as figure 2; « 300. 
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As far as could be ascertained grossly, union between the two stumps 
had been accomplished by proliferation of the scar tissue, which gave 
the appearance of a separate dense scar around the end of each stump, 
with a narrow clear gray defect between them. 


MICROSCOPIC CHANGES 


Histologic examination bore out the impression that there was noth- 
ing here comparable to neuroma formation. Degeneration of neuraxes 
and slight proliferation of connective tissue were present in both ends, 
more evident in the proximal than in the distal stump. 

As contrasted with the cut ends of a peripheral nerve, however, these 
changes were extremely slight. Characteristic spirals or masses of 
aborted regenerating neurofibrils were not found. On the contrary, 
what few regenerating fibers were present proceeded from the proximal 
to the distal ends, With comparatively little obstruction. It was possible 
to follow these neurofibrils through serial sections showing a definite 
but limited connection between the two ends of the nerve by the end 
of the fourth week. After a longer period there seemed to be little 
change in the extent of the regeneration. 


COM MENT 


The experiments appear to demonstrate that neuroma formation 
does not occur in either stump of a severed thoracic sympathetic trunk. 
Whether or not this is true of other portions of the sympathetic path- 
ways remains to be determined. Ranson refers to the occurrence of a 
neuroma on the severed end of a cervical sympathetic trunk in one of 
his experiments. Other references to this point were not found in the 
literature, it having been taken for granted, apparently, that sympathetic 
trunks behave in this respect like peripheral nerves. 

It might be supposed that in these experiments the two ends of the 
trunk were left in too close proximity to permit the type of reaction 
responsible for neuroma formation. If this is the case, this feature is 
distinctive of sympathetic trunks, as in a peripheral. nerve neuroma 
formation occurs with even less of a gap than was present here. More- 
over, in the one case in which the trunk was resected the severed ends 
did not differ in appearance from the others. As suggested previously, 
there is some histologic evidence that the ends were in close enough 
proximity to permit partial regeneration, but this does not preclude the 
possibility of neuroma formation at least in peripheral trunks, as the 
picture of a large characteristic neuroma with a few fibers breaking 
through to the distal stump is there fairly common. 

However, resting on the wall of the chest and covered only by the 
pleura, the thoracic sympathetic chain is remarkably free from sur- 
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rounding structures, as compared with peripheral nerves, and it is pos- 
sible that this unique freedom from pressure explains the lack of 
neuroma formation. On the other hand, there may be an intrinsic dif- 
ference in the reaction of the sympathetic trunk to injury. 
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THE BOVIE ELECTROSURGICAL CURRENT 
GENERATOR 


SOME UNDERLYING PRINCIPLES AND RESULTS * 
A. J. McLEAN 


An almost infinite variety of controlled destructive effects is made 
available to the surgeon by modulation of high frequency oscillating 
currents. The character of the effect produced is not determined by 
the frequency of the oscillations, but appears to depend entirely on 
the character of the oscillatory wave trains utilized. When a surgeon 
desires to destroy tissue en masse by heating, a train of damped 
oscillations is customarily used; but to obtain cutting effects, a train 
of undamped waves is used, although tissue can also be readily heated by 
undamped waves. A damped wave is one with an oscillating potential 
which tends to return to zero, as shown in figure 1 b; an undamped wave 
is one with an oscillating potential which remains constant, as shown 
in figure 1 a. The fundamental arrangements for production of 
high frequency damped oscillations (condenser-gap-inductance) and 
undamped oscillations (e. g., triode tube), which are detailed in textbooks 
on physics and which have been already detailed in medical literature,’ 
are relatively simple, but the production of flexibly regulable currents 
suitable for use in surgery is a complicated problem in electrical 
engineering. 

The purpose of this paper is to report certain experiments in the 
healing of tissues after subjection to the various typical currents 
generated by the Bovie electrosurgical unit which has been in use at 
the Peter Bent Brigham Hospital for the past two and a half years. 
The original manuscript was submitted for criticism to a number of 
persons ; among these was Dr. Bovie, who took exception to the interpre- 
tation of some of the physical principles involved. He has taken the 
trouble to write a description of the mode of action of the currents 
employed, and, with his permission, his text, which designedly avoids 


* From the Laboratory of Surgical Research, Harvard Medical School, and 
the Surgical Service, Peter Bent Brigham Hospital, Boston. 
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leaning on either resonance or quantum theories of matter, is here 
substituted for the original.* 


The conduction of an electric current through tissue is in general like the con- 
duction through solutions. It is electrolytic rather than metallic; that is, the 
transfer of electricity is accompanied by a transfer of charged matter. But the 
transfer of charged matter, and therefore of the current, is a more complicated 
process than that which occurs in simple solutions. This is necessarily so, for 
protoplasm is not a molecular chaos as is the simple solution; its molecules are held 
more or less fixed in the heterogeneous, polyphase colloid which it appears to be, 
and its ions are therefore not free to migrate in every potential gradient. Migra- 
tion is hampered at the colloidal interfaces, especially at the bounding interfaces, 
such as those which separate the nucleus from the cytoplasm and those which form 
the outer boundary of the cells. Under the influence of a potential gradient these 
semipermeable membranes, as they are often called, become polarized. The ions 
of adjacent phases become concentrated at these membranes. The molecules of 
which the membranes are formed may take on new orientations in the electrical 
field, and this disturbance of the protoplasmic molecular pattern and the accompany- 
ing electrification of the membranes is inimical to the continued existence of the 
protoplasm, and so the electric current is lethal. 
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Fig. 1—Wave trains: a, undamped oscillations; b, two trains of damped oscil- 
lations. 


Now obviously this lethal effect of the current which is due to polarization may 
be avoided if we do not permit the current to flow long enough to cause these 
disturbances in the molecular arrangement, with the accompanying electrification. 

The length of time which the current may be permitted to flow without produc- 
ing lethal effects is inversely proportional to the current density, that is, to the 
amount of current flowing through a given cross-section of tissue. If we had data 
we might plot a tolerance curve which would show the maximum current density 
permissible for different lengths of time of current flow; that is, we could plot the 
current density as ordinates against the length of time which the current could 
flow without producing the lethal effect as abscissae. Such a tolerance curve 
would slope downward toward the right. In other words, for high current density 
the duration of flow would be shorter, while currents of low density could be 
permitted to flow for longer periods of time. 


2. Although the machine with its incorporated (unquantitative) wiring diagram 
is now on the market, Dr. Bovie desires that a technical description of the apparatus 
await his own publication, since radical improvements in its construction are in 
progress. The results herein reported were obtained with the original experimental 
unit used at the Huntington Memorial and Peter Bent Brigham Hospitals, which 
was essentially similar in its construction to the “S-D-3; 7-23-28” model now on 
the market. 
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We may avoid lethal effects if, instead of interrupting the current after it has 
been flowing a short period of time, we reverse its direction of flow, and thus 
reverse the potential gradient in the protoplasm. All of the migrations and 
orientations would be reversed correspondingly, and the lethal effects would be 
counteracted by the reversed current. 

If now we plot the tolerance curve for an alternating current, plotting the cur- 
rent density as ordinates against the frequency of alternations as abscissae, the 
resulting tolerance curve will slope upward to the right, for if we increase the 
number of alternations per second and thus shorten each interval of time during 
which polarization may occur, we can increase the amount of current we pass 
through the tissues without producing lethal effect. 

As is well known, if the frequency be high enough, considerable amounts of 
current can be passed through the tissues without producing even so much as 
physiologic response on the part of the tissues. From the meager amount of 
data available on this matter, it appears that this latter tolerance curve is convex 
toward the axis of abscissae; that is, the permissible current density increases more 
rapidly with higher, than it does with lower, frequencies. 

If the frequency be high enough, sufficient current may be passed through the 
tissues so that no effect, other than heating, will appear. With high frequencies 
this heating effect can be carried to the destruction of the tissues, without any other 
effects due to the passage of the current becoming apparent. 

The foregoing constitutes the rationale of the high frequency currents which 
are used in the practice of medicine and surgery. 

The heat produced by the passage of an electric current through tissues is 
proportional to the product of the square of the current density, the resistance of 
the tissues, and the time. The current density is influenced by a large number 
of factors. For the tissues immediately under the electrodes the current density 
varies inversely with the area of the electrode, and therefore large electrodes are 
used where the heating effect is to be kept at a minimum, while the active or 
working electrode is made small in order to increase the current density in the 
tissues in its immediate vicinity. 

The current density is also influenced by the areas of the cross-section of the 
conductor through which the current passes. Within the body of an electrolyte 
Ohm’s law is obeyed, and this law undoubtedly applies to the passage of an electric 
current through tissues, but the resistance of the conducting tissues is not uniform. 
The current passes through the tissue as through a network of conductors, and for 
any region the current density is inversely proportional to the resistance. The 
resistance of tissues to the passage of an electric current is not constant, but varies 
with the physiologic condition of the tissues; the conductivity of dead tissue being 
in general greater than that of living. The influence of the physiologic condition, 
however, is more marked for alternating currents of low frequency and for direct 
current, than it is for alternating current of high frequency. 

The current density varies directly with the electromotive force applied to the 
electrodes, but the value of the electromotive force may be quite different from 
that of the electromotive force impressed into the circuit by the generator of the 
high frequency currents. Because of the potential losses in resistances, inductances, 
capacities, etc., which are necessarily included in the circuit, the value of the elec- 
tromotive force applied to the electrodes may be quite different from that impressed 
into the circuit by the generator itself. The electromotive force impressed upon 


3. d’Arsonval, M. A.: Action physiologique des courants alternatifs, Compt. 
rend. Soc. de biol. 43:283, 1891 (footnote 1, first reference). 
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the electrodes is therefore profoundly influenced by the amount of current flowing 
through the circuit, and in practice the electromotive force at the electrodes is 
seldom determined, or known. 

Now it should be borne,in mind that the increase in temperature of the tissue is 
not governed entirely by the amount of current passing through it. The increase 
must be determined by the difference between the rate of heat gain and the rate of 
heat loss. Heat is dissipated both by conduction to the surrounding tissues and by 
the cooling effect of the circulating blood. The amount of heat dissipated by the 
blood stream is so great that under ordinary conditions the temperature of the 
whole body is raised, while local heating is at a minimum. 

Kirchoff’s Current Law for a Steady State says that when a conductor is 
traversed by constant current and all of the charges in the conductor are constant, 
the same amount of electricity per second flows through each cross-section of the 
conductor. With high frequency currents, Kirchoff’s Law is inapplicable to 
regions of the circuit containing capacity, for in this case a steady state does not 
exist during the time the capacities are charging and discharging. With the high 
frequency currents used in medical and surgical practice, the current flowing in 
part of the circuit may be reduced to zero and yet an adequate amount of current 
may pass into and out of the tissue at the active electrode. For example, it is not 
necessary to have a complete circuit between the terminals of the generator for 
certain procedures; an active electrode only being used and the indifferent electrode 
and its lead being dispensed with. 

If the amount of current flowing through the tissues is increased, the current 
density in the tissues adjacent to the small (operating) electrode may be so high 
that the tissues are very quickly coagulated, dehydrated, and even carbonized. The 
moisture in the tissues is vaporized and the tissue cells are torn by the explosive 
escape of the steam. If the electromotive force impressed upon the active electrode 
is sufficiently high, arcing or sparking occurs between it and the tissues. The 
character of the spark and the depth of the dehydration are greatly influenced by 
the amount of current passing between the electrode and the tissues. Under these 
conditions the electrode and the tissues act as plates of a condenser and the effects 
produced are profoundly influenced by the characteristics of the wave train of high 
frequency currents used. If the wave trains are highly damped only the heating 
and dehydrating effects of the current are observed, but if the wave trains are 
undamped and the current density sufficiently high, then the tissues may be severed 
at the active electrode, as with a sharp scalpel, and if the electrode be moved 
rapidly through the tissues, the coagulation of the cut surfaces may be kept at a 
minimum. 

Then by increasing the amount of damping, using a current in which wave trains 
do not follow in immediate succession, the amount of coagulation and dehydration 
at the cut surfaces may be increased. Comparatively vascular tissues may be 
severed by this method without loss of blood, by using the proper type of current. 

The surgical current generator (“Bovie”) contains electrical circuits for the 
generation of high frequency currents having the useful characteristics outlined in 
the foregoing. One hundred-ten volt alternating current of sixty cycles per second 
is taken from the mains and sent into the primary of an insulating transformer. 
The secondary of this transformer delivers sixty cycle current at a pressure of 
one hundred-ten volts. It is so constructed that it completely insulates the electrical 
circuit of the generator from the ground, thus obviating the necessity for using a 
wooden table for operating or of taking other precautions which might be necessary 
were the operating circuit grounded. 
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The surgical current generator is equipped with two independent circuits for 
the generation of high frequency currents. The resistances, inductances, etc., of one 
circuit are of such dimensions as to generate highly damped oscillations, while the 
cutting circuit is so arranged as to generate only those high frequency currents 
having a small amount of damping. The amount of damping of the current 
delivered to the operating electrode can be controlled over the necessary range by 
switching in capacities of different sizes. Both of these circuits are provided with 
voltage controls by means of which the amount of current delivered to the electrode 
can be adjusted to meet the conditions occurring in both fine and gross dissecting. 


Deep cuts may be made with the knife or loop when large amounts of current 
are used. 


By the use of cutting currents of high potential, tissues having a high electrical 
resistance, such as tendons, cartilage, and cancellous bone, may be readily cut, and 
fatty tissues may be severed without melting. In the last instance the danger of 
causing undesirable burns through the flowing of the melted fat, is removed. 

The high voltage currents in the damped circuit are used for dehydrating the 
tissues by sparking. Connective tissues shrink under these currents and enlarged 
blood vessels may be emptied of their contents and their walls collapsed, so that 
these tissues may be cut through without the use of ligatures. The sparking 
current can also be used for dehydrating surface layers of tissues. 


All will agree that damped waves produce their ohmic heat within 
the tissues because of the latter’s resistance to their passage. Undamped 
waves also cause heat, however, and the ultimate mode of their produc- 
tion of cutting effects remains at present somewhat obscure; objectively, 
an infinitesimal arcing discharge occurs. But an arcing discharge may 
also take place when damped waves are used, though cutting effects, 
with most present day machines, are then absent. The probable ultimate 
difference in effect lies in the character of the concentration of the arcing 
discharge, that is, in the current density, though the final importance of 
this also may be subject to differences of opinion. The oscillating 
potential of the ordinarily produced damped wave train rapidly varies 
and diminishes, and when its arc is examined with a revolving mirror, 
one sees that this results in a spray or brushlike arc, one flash striking to 
one side, the next probably far to the other; its concentration is thus 
relatively poor. The undamped wave train, on the other hand, has 
a uniformly sustained oscillating potential and its arc is seen in the 
revolving mirror to be a compact tight pencil; the resultant impinging 
current density is therefore much more intense. The observed differ- 
ences in concentration of the arcs are probably due to the persistence of 
ionization of the air gap between the electrode and the tissue in the 
latter instance, and not to any inherent differences in wave form as 
already suggested. The empiric evolution of diathermic (endothermic) 
apparatus has been such as to overstress and make a mystery of 
wave form. A recurring series of damped oscillations, also, can 
produce a persistence of air gap ionization, as well as can undamped 
oscillations, provided the interruptions are of sufficient rapidity. An 
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electric arc is productive of an exceedingly high temperature, and it 
is probable that the momentary intense heat of the high current density 
is responsible for the molecular dissolution of the tissues objectively 
evident as cutting, though the precise atomic method by which the 
energy and heat unlocks molecular structure remains hypothetic. 

A cutting machine of the Bovie type, however, which utilizes a 
condenser-gap-inductance arrangement can produce only damped waves ; 
yet such machines cut. It seems not improbable that such machines may 
obtain their effects either (1) by such crowding together of damped 
wave trains that the oscillating potential is never allowed to reach zero, 
a certain 


‘ 


‘core’ of potential similar to an undamped wave train being 
thereby maintained, or (2) as is more likely and is stated in the fore- 
going paragraph, by interruptions increased only to such rapidity that 
the gap between the electrode and the tissue does not have time to revert 
preponderantly to a nonionized state. That is, the crowding of damped 
trains need not necessarily be carried far enough to maintain a degree 
of incessantly oscillating potential, provided the duration of nonfiring 
of the electrode gap is short enough to prevent its deionization and its 
sequential dispersion of heat energy over a larger area of tissue. 
Rationally then, either damped or undamped oscillations can produce 
either cutting or deep heating effects, provided that for cutting there 
is maintained a high current density and an adequate electrode-gap 
ionization, and for deep heating a relatively low current density and no 
persistent ionization of the electrode gap (through more sluggish inter- 
ruptions of oscillating trains, either damped or undamped). 


EFFECTS ON TISSUE 

The primary utility of electrosurgery with high frequency currents 
lies in the fact that it is accomplished by controlled continuous heat. 
Capillaries, arterioles, venules and lymphatics are sealed, hemostasis is 
improved, traumatic metastasis is prevented and outlying malignant 
cells are dispatched. Outside of neoplastic work, its superiority over 
sharp dissection is evident experimentally only in oozing capillary beds, 
particularly in parenchymatous organs as the liver, spleen, brain, thyroid, 
kidney, lung, enteric mucosa and others, though ingenious, and some- 
times revolutionary, applications have been made in all fields.® 


4. Lambert, R. A.: Demonstration of the Greater Susceptibility to Heat of 
Sarcoma Cells, J. A. M. A. 59:2147 (Dec. 14) 1912. Ward, G. E.: Value of 
Electrothermic Methods in the Treatment of Malignancy, ibid. 84:660 (Feb. 28) 
1925. 

5. Clark (footnote 1, second reference). Cushing, H., and Bovie, W. T.: 
Electro-Surgery as an Aid to the Removal of Intracranial Tumors, Surg. Gynec. 
Obst. 47:751, 1928. Morgan (footnote 1, fourth reference). Wyeth (footnote 1, 
fifth reference). 
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As the cutting electrode advances through tissues an infinitesimal 
arc of high current density precedes it. Protoplasm separates before 
it without that useful sense of resistance afforded by the sharp knife. 
The cut surface is bloodless and lightly seared, and its temperature is 
occasionally slightly warmer than normal to immediate touch. Ward ° 
has given a photomicrograph of an incision made by the (Wyeth 
endotherm) pure undamped wave. Figure 2 is a photomicrograph of 
an incision made by the blended wave of the Bovie cutting unit, using 
a moderately severe grade of dehydration. Figure 3 shows that the 
essential histologic changes produced by the coagulating unit are not 























Fig. 2—Photomicrograph of edge of incision made in cat’s liver by Bovie unit 
using low voltage, medium dehydration, variometer 65; immediate fixation in 
Zenker’s fluid; hematoxylin and eosin stain; X 142. The electrode passed by on 
the left; there is 50 microns’ depth of formless molecular dissolution. To the right 
of this is a zone 650 microns wide, made up of coagulated cells with intact nuclei 
and ground glass cytoplasm, with the erythrocytes in the portal venules and intra- 
lobular capillaries undestroyed except in the outer 150 microns. Throughout the 
whole zone are steam vacuoles within the parenchyma, containing occasional wisps 
of precipitated albuminous fluid. To the right of this is a third zone, 250 microns 
wide, where the cells are at times slightly rounded, with occasional ones the cyto- 
plasm of which stains rather deeply. Nuclei and chromatin network, however, are 
unaltered, and this zone is viable. Beyond it to the right is normal liver. The 
zone of alteration extends 0.9 mm. beyond the apparent line of incision. 


6. Ward (footnote 4, second reference). 
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dissimilar. The depth of alteration beyond the line of incision may be 
made only 100 or 150 microns by proper adjustment (LD, LV, 32), 
and a fine needle or blade. Histologic studies of experimental incisions 
and resections in the spleen, lung, cartilage and kidney show an essen- 
tially identical process; in most of these, however, either the structure 
of the tissue or the tenacity of the fibrillary reticulum, or both, have 
prevented the abundant formation of steam vacuoles in the proximal 
zone of coagulation, seen in figure 2. That the process is less in degree 
only is illustrated in figure 4, showing the edge of incision in a kidney 
resection." 

















Fig. 3—Photomicrograph of cat’s liver after four seconds’ contact application 
of coagulating current through a loop electrode, using low-tuned gap, low voltage, 
choke-coil tap 3; immediate fixation in Zenker ; hematoxylin and eosin stain; « 28. 
The absence of molecular dissolution in the middle of the surface is due to the 
adhesion of this zone to the electrode. Radial penetration of detectable histologic 
alteration is 2.8mm. The shrinkage of the coagulum has freed some of the altered 
cells into a lake of plasma underneath it. 


7. Deeper histologic alterations would probably be demonstrable by special 
staining. Dr. Percival Bailey (personal communication) has found alterations of 
tinctorial quality a full centimeter from the edge of an incision in brain tissue, when 
phosphotungstic hematoxylin or silver impregnations were used on tissues removed 
by the cutting current (exact setting of dials not recorded, however). 
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As a number of observers have pointed out, healing depends on 
the depth of necrosis. Voltz and Doderlein * obtained photomicrographs 
of healing in a kidney three and five days after operation. Figure 5 
shows twenty-day healing of a wedge-shaped resection of a dog’s liver ; 
there is more scarring than following resection with a sharp knife. 
This is true in other organs as well, and is illustrated again in cutaneous 
healing, as shown in figure 6. 

Macroscopically, the cut surface of parenchymatous tissue is lightly 
seared. There is no capillary oozing, but after a moment or two the 














Fig. 4—Photomicrograph of edge of incision made in cat’s kidney by Bovie 
unit, using low voltage, medium dehydration, variometer 55; immediate fixation in 


Zenker ; hematoxylin and eosin; * 125. The layer of complete molecular dissolu- 
tion is here only about 35 microns thick, and beyond it lies a 25 micron layer of 
desiccation or “mummification” necrosis, as described by Clark, Morgan, and Asnis 
(M. Herald. 43:271, 1924; 44:10 and 30, 1925). Beyond this second zone, is 
another 200 microns of classic coagulation necrosis with intact nuclei and vitreous 
deeply-staining cytoplasm. The proximal layers of the latter contain an occasional 
steam vacuole. The structure of the tissue is such, however, that all nocuous effects 
are not delimited by this layer, for the boiling urine has resurged up every fortieth 


or fiftieth collecting tubule or loop of Henle and coagulated the epithelial lining for 
3 or 4 mm. back of the line of incision. 


8. Voltz, F., and Déderlein, G. Jr.: Kauterisation und Lichtbogenoperation, 
Monatschr. f. Geburtsh. u. Gynak. 66:247, 1924. 
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cut surface may become moist with exuded plasma. As greater intensity 
(variometer ) is used, the cut surface may be browned or may be charred 
relatively superficially, while as heavier dehydration is used destructive 
effects penetrate more deeply laterally, though leaving the cut surface 
of about the same appearance. A heavier dehydration is therefore 
more effective in checking bleeding than is increased intensity; in fact 
the latter may serve only to blow a hole in the side of a vessel and 
augment bleeding. Venous blood is more readily staunched than arterial, 
and veins up to 1 or 1.5 mm. in diameter are taken care of by the 




















Fig. 5—Photomicrograph of twenty day healing in dog’s liver, after wedge- 
shaped resection with low voltage, low dehydration, variometer 40, and approxima- 
tion with silk; Zenker ; hematoxylin eosin; * 20. The removal of necrosed paren- 
chyma cells is complete. The collapsed lobular framework and scarring contains 
unaffected cells and is being invaded by regenerating hepatic tissue. There is still 
some foreign-body reaction, with macrophages, about the two black silk mattress 
sutures used for closure of the cleft. 


Fig. 6.—Photomicrograph of eighteen day healing, after skin incision with low 
voltage, heavy dehydration, variometer 40; hematoxylin and eosin; K 19. Healing 
was per primam; the scar is 1.8 mm. broad. 


moving electrode. However, the arcuate arteries of the kidney, the 
arterioles inclosed in the more peripheral branches of Glisson’s capsule 


in the liver, and arterioles of the pia arachnoid may require special 
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treatment; Ward’s ® method has been modified here, so that a spurter 
is merely picked up with dissecting forceps already in hand, and a 
coagulating current momentarily run down the instrument, by contact 
with the active electrode of the electrosurgical unit. This can be done 
as readily with the Bovie cutting current as with the coagulating cur- 
rent, provided in either case it is not continued to charring, for then 
the obliterated end of the vessel comes away with the forceps, and the 
vessel continues to bleed. Adequate utilization of the resources of the 
machine for hemostasis is learned only by experience. 

The ease of healing depends on the degree of destruction of tissue, 
and its location. The edema occurring after heavy coagulating current 
might be of little consequence within the abdomen, but within the 
trachea or cranial cavity might cause alarming effects. Heavy dehydrat- 
ing effects or great intensity may kill sufficient tissue to form a sterile 
abscess, if the field is reexamined before absorption has taken place. 
Even a moderate layer of subcutaneous fat will usually cause sufficient 
of an oil burn to prevent primary cutaneous union, but it is possible with 
care and proper electrodes to obtain primary union in a great percentage 
of cases. Its use for skin incisions, however, is more in the nature of a 
surgical feat,'® for electrosurgery only efficaciously supplements, and 
by no means supplants, the knife. Knowing his machine, the surgeon 
must balance between healing and hemostasis, and in general the smallest 
damage and lightest current that is effective will be chosen. 

Some electrical effects must be borne in mind. Cutting is controlled 
by the intensity and concentration of the infinitesimal are delivered ; the 
rate at which it progresses through the tissues is controlled by the dial 
settings, not by the pressure of the operator on the electrode. Current 
from the active electrode will take the route of least resistance to the 
indifferent electrode. This is not necessarily the shortest route, and 
depends on the resistance of the tissues which must be traversed ; small 
structures of excellent conductivity, lying more deeply, may become 
selectively overheated, to their detriment. The surface worked on 
should have broad contact with other conducting tissues, so that the 
returning current has not opportunity to reconcentrate (“funnel 
through”) disastrously ** en route to the indifferent plate. 


SUM MARY 


The mode of action and the results obtained by the Bovie electro- 
surgical current generator are discussed. 


9. Ward, G. E.: The Efficient Method of Hemostasis Without Suture, M. J. 
& Rec. 121:470, 1925. 

10. Behrend, M.: The So-Called Radio Knife, Internat. Clin. 2:233, 1926. 

11. Schaefer, M.: Drei Falle von Diathermieschadigungen bei Beniitzung der 
Diathermie in der operativen Technik, Schweiz. med. Wchnschr. 57:268. 1927. 








MUSCLE TONE IN MAN * 


GEORGES SCHALTENBRAND 


Von Uexkill' has discovered that Mollusca have two types of 
muscle, a motor muscle which closes the shell and another which holds, 
with enormous power and without output of energy, the previously 
closed shell. He could demonstrate different organs for these two 
functions also in other organisms of a lower order. He differentiates 
these two functions as motor and locking (Sperr—) functions. Von 
Uexkiill believes that in other animals, in which only one motor organ 
can be demonstrated, both functions are united in this organ. In 
Sipunculus, the muscle not only can shorten and lengthen but also keeps 
a certain level of tone at the same time, which can be varied indepen- 
dently. Certainly these are two functions of a single organ but it is 
doubtful whether they can be identified with the motor and the “locking” 
function of the shell muscle. This has been taken for granted, however, 
by von Uexkiull and his pupils, and they have tried to discover these two 
elementary functions in the muscles of vertebrates, including man. As 
a matter of fact, the muscles of higher vertebrates have, when viewed 
from this angle, two important functions; namely, “motility” and 
“posture” (Haltung). The postural function exerts a permanent ten- 
sion against gravity. If von Uexkiull’s conception were true, the 
striated muscle ought to change its length and viscosity, each property 
independently of the other, irrespective of the weight supported. Trials 
to demonstrate this ability in the isolated muscle have failed, as well 
as attempts to demonstrate different types of innervation, metabolism or 
electric activity for the motor and the postural function of the muscle 
(see the article by Stanley Cobb? and the excellent monograph of 
Fulton *). In the muscles of higher mammals, active shortening of the 
muscle is also combined with increase in firmness and vice versa; when 
the shortening is inhibited by force, the firmness of the muscle appears 
separately with increase of tension. Fulton showed how the uni- 
form principle of simultaneous or successive all-or-none innervation 


*From the Neurological Clinic of the University of Hamburg. 


1. Von Uexkiill: Umwelt und Innenwelt der Tiere, Berlin, Julius Springer, 
1921. 


2. Cobb, S.: Review on Tonus of Skeletal Muscle, Physiol. Rev. 5:518 (Oct.) 
1925. 


3. Fulton, I. F.: Muscular Contraction and the Reflex Control of Movement, 
Baltimore, Williams & Wilkins Company, 1927. 
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of single muscle fibers, under reflex direction from the nervous system, 
could explain all the motor phenomena observed in movement and 
posture. However, one has to admit that the viscosity of muscle can 
vary. This may bear some relation to von Uexkill’s theory of the 
locking function. Thus, all striated muscles show the well known stair- 
case phenomenon, that is, the muscle seems to become softer during 
successive contractions, and contracts for increasing altitudes. Hill 
has also shown that quick movements cost a relatively higher output of 
energy than slow ones because, in addition to the outer work to be per- 
formed, the inner friction (viscosity) of the muscle must be overcome. 
It is also known that after long fixation of muscle, for example, with 
plaster casts, the muscle hardens and shrinks and gives a higher resis- 
tance to stretch even when denervated and anesthetized. However, the 
relation of these changes of viscosity to the postural function is still 
an unsolved problem; possibly there is no relation at all. 


A part of the confusion of the literature on muscle tone comes from 
the fact that the differentiation between the different conceptions of 
postural function, locking function and viscosity is not made sufficiently 
clear. 

Different methods for examining muscle tone have been described. 
In some of them the resistance of the muscle against pressure is exam- 
ined (Wertheim-Salomonson).* Another method, devised by Gilde- 
meister,° determinines the elasticity of muscle with a falling ball reflected 
by the muscle, while the time is measured electrically as long as contact 
is maintained between ball and muscle. These methods do not permit 
of differentiation between viscosity and tension of the muscle. A third 
method measures the resistance of the muscle against stretch by means 
of isometric dynamometers. It has been used by Liddell and Sherring- 
tion ® in experiments on animals, and Spiegel* and others have tried to 
introduce the method into clinics. Only the third method differentiates 
between viscosity and tension, because after the muscle has stopped 
moving it records only tension. The curve which is obtained during the 
movement and for a short time afterward, however, might be a result 
of both tension and viscosity. Nevertheless, the third method is the 
most practical because it allows permanent measurements with simple 
machines and without great error. 


. Wertheim-Salomonson: Verhandl. kon. Akad. Amsterdam 17:885, 1915. 
. Gildemeister, M.: Ztschr. f. Biol. 163:183, 1914. 


. Liddell, E. G. T., and Sherrington, C.: Reflexes in Response to Stretch 
(Myotatic Reflexes), Proc. Roy. Soc., 1925, no. 27; Further Observations on 
Myotatic Reflexes, ibid. 


7. Spiegel: Der Tonus der Skelettmuskulatur, Berlin, Julius Springer, 1927. 
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Sherrington * and Liddell ®° examined the postural functions of the 
decerebrated cat with this method. They found that the muscle 
responded to an increasing stretch with an increasing tension, which 
must have been reflex, because it disappeared after severance of the 
anterior or posterior roots. They called it the myotatic or “stretch” 
reflex. They further showed that as soon as the passive stretch of the 
muscle surpassed a certain level, the muscle suddenly relaxed and lost 
its tone. Sherrington called this reflex the “lengthening reaction.” It 
is still dubious whether or not this motor phenomenon is always reflex. 
Certainly, immediate relaxation of the muscle can always be obtained 
by centripetal electrical stimulation of its nerve. But Samojloff -and 
Kisseleff ® could not demonstrate any diminution of action currents in 
the lengthening reaction, due to overstretch. 

A third reaction is the shortening reaction. It was originally dis- 
covered by Sherrington, together with the lengthening reaction. Sher- 
rington found that in some decerebrated animals one can place the 
extremities in various postures ; the muscles are cataleptic. He thought 
that this catalepsy was due to the fact that the muscle that is shortened 
passively undergoes an active contraction corresponding to the 
antagonist’s relaxation after passive extension. ‘This active contrac- 
tion during decrease of tension would be the shortening reaction. 
Recently, Fulton * has stated that there is no real shortening reaction. 
He thinks that the observed fact might be explained sufficiently by a 
stretching reaction, which begins at the very moment when the passive 
shortening of the muscle ceases and the muscle again has to carry a 
certain weight. This explanation does not convince me, because it is 
hard to understand why the muscle has different resting lengths, before 
and after movement, for a particular weight, unless a special reflex 
has taken place in the meantime. Here, again, the problem is com- 
plicated, because Samojloff and Kisseleff ° observed a decrease or absence 
of action currents during the passive contraction. The decision must 
be made by experimentation. 

Of course, the physician is interested to know how far difficulties 
of muscle tone in man can be identified with decerebrate rigidity. 
German clinicians differentiate in man chiefly two forms of disturbed 
muscle tone, namely, spasm, as it is seen in lesions of the pyramidal 
tract, and rigor, which is seen in extrapyramidal diseases, especially in 
parkinsonism. A great number of authors, including Striimpell,’° 

8. Sherrington, C.: On Plastic Tonus and Proprioceptive Reflexes, Quart. 
J. Exper. Physiol., 1909, no. 2; Postural Activity of Muscle and Nerve, Brain, 
no. 38; The Integrative Action of the Nervous System, Sullivan Memorial Lec- 
tures, 1923. 

9. Samojloff and Kisseleff: Die Verkiirzung und Verlangerungsreaktion des 
Knieextensors der decerebrierten Katze, Arch. f. d. ges. Physiol. 218:268, 1927. 


10. Striimpell, A.: Deutsche Ztschr. f. Nervenh. 54:207, 1916; Neurol. Zen- 
trabl., 1920, p. 2. 
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Foerster,!* Lewy,?2, Mayer ?* and Gamper,’* have tried to identify 
these two difficulties of tone with subjective methods. Other authors, 
especially Spiegel,’ have used objective methods. Their machines, 
however, are insufficient, because they ignore the factor of time, or, as 
in the case of Filimonoff,!> the exact position of the limb. I tried, 
therefore, to develop a machine which would record muscle tone in man 
in a manner as similar as possible to the methods of Liddell and 
Sherrington.® 

The machine produces passive movements in the elbow or in the 
knee joint, and allows a permanent record of the difference of tension 
between flexors and extensors of these joints. 


A METHOD OF RECORDING MUSCLE TONE 


In order to avoid the influence of gravitation, the axis of the joint is put 
vertically in space. The extremity examined is hung by means of leather cuffs 
to two bars which are joined by a ball-bearing junction the axis of which cor- 
responds, as far as possible, to the axis of the joint. The proximal bar is fixed 
in space, so that only the distal bar with the distal part of the limb can move. 
It is moved by means of a third bar, which rotates around the same axis but is 
connected with bar 2 only by two dynamometers, one for the extensor and one for 
the flexor side. The record of the dynamometer is written on a kymograph by 
means of a thread conducted through the axis of the instrument. Thus its curve 
is not disturbed by the positions of the moving part of the machine. The position 
of the moving part is recorded exactly by means of another thread. Both threads 
are kept under tension by light springs, so that the writing levers cannot overshoot 
or slacken. On the lowest line, time is recorded in seconds. The entire machine is 
attached rigidly to a big Zeiss projection table and can be moved up and down.” 
When the arm is going to be examined, the patient sits down on a chair and holds 
the arm at the level of the shoulder and in supinated position. The arm is attached 
to the machine at this level with the elbow joint just below the junction of the 
machine. When the flexors and extensors of the knee joint have to be examined, 
the patient lies on a couch, on his side; the leg to be examined must be above, and 


is attached to the machine, again so that its movements are performed in the 
horizontal plane. 


11. Foerster, O. : Zur Analyse und Pathophysiologie der striaren Bewegungs- 


st6rungen, Ztschr. f. d. ges. Neurol. u. Psychiat. 73:1, 1921; Schlaffe und spastische 
Lahmung, Handb. der normalen u. pathol. Physiol., vol. 10. 


12. Lewy, F. H.: Die Lehre von Tonus und Bewegung, Berlin, Julius Springer, 
1923. 


13. Mayer, C., and John, E.: Zur Symptomatologie des Parkinsonischen For- 
menkreises, Ztschr. f. d. ges. Neurol. u. Psychiat. 65:62, 1921. 
14. Gamper, E.: Klinische und theoretische Bemerkungen zu den posten- 


cephalitischen Rigorzustanden, Ztschr. f. d. ges. Neurol. u. Psychiat. 86:37, 1923; 
Bemerkungen zu der Arbeit von Schaltenbrand: “Enthirmungsstarre,” Deutsche 
Ztschr. f. Nervenh., vol. 104. 

15. Filimonoff, I. N.: Klinische Beitrage zum Tonusproblem, Ztschr. f. d. ges. 
Neurol. u. Psychiat. 96:386, 1925. 

16. All the moving parts are of duraluminum, and the joints are ball-bearing 
in order to minimize the effects of inertia and friction. 
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A series of healthy and diseased persons were examined with this 
machine. Before every experiment, the different positions of the joint 
are marked on the curve; after the experiment, the dynamometer is 
tested with weights, pulling the moving bar at a distance of 50 cm. from 
the axis. The kilogram marks shown in the charts refer to this 
measurement. 

The basal experiment was always a flexion of about 20 to 80 degrees, 
followed, after about half a minute’s rest, by an extension of the same 


amplitude. The speed of the movement varied between one and five or 
six seconds. 





Chart 1—Curve for left healthy arm of patient with right-sided hemiplegia in 
cerebral syphilis. In this and the following charts, the first line gives the reading 
of the dynamometer compared with a pull in kilograms, at a distance of 50 cm. 
from the axis of the joint; the second line shows the position of the arm in degrees, 
and the third line gives the time in seconds. 


RESULTS OF EXPERIMENTS 


The results are best explained by a few curves. Chart 1 shows the 
curve of a normal arm, first extended for about 80 degrees and then 
flexed. During each of these simple movements the dynamometer 
writes an S-like curve. The first jerk is recorded at the beginning of 
the movement, the second one in the opposite direction at the end of the 
movement. A similar curve has been obtained when the machine is 
moved without connection with a patient. It develops from the inertia 
of the moving parts of the machine. To this is added, during the experi- 
ment, the inertia of the moving part of the extremity. It is evident that 
the inertia at the beginning and at the end of the movement must be 
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recorded in alternating directions. In most normal cases, the reflex 
at the beginning is slightly greater than that at the end. This indicates 
that a second factor interferes with the effect of inertia. This must be 
the friction or viscosity of the muscle and, eventually, a certain amount 
of reflex resistance. 











Chart 2—Curve for right paralyzed arm of the patient in chart 1. B indicates 
flexor tone; Str, extensor tone. 








Chart 3.—Influences of the speed of movement on muscle tone in the patient 
in charts 1 and 2. 


The curve demonstrated in chart 1 is from the left, healthy arm of a 
patient with right-sided hemiplegia in cerebral syphilis. The paralyzed 
right arm gave a different curve (chart 2). It shows an increasing 
flexor tension with increasing stretch of the muscle. Immediately after 


ae 
| 


« 


pee 


Sates 


a. 











1880 ARCHIVES OF SURGERY 


the stretch, the tension is highest; it then decreases and remains on a 
horizontal level for some time. I call the initial rise of tension above 
the definite level a “nose.” 11 can easily be seen that the tone increases 
in direct proportion to the increasing stretch and then stays on a 
plateau. Associated with each grade of flexion there is a fall in flexor 








Chart 4—A spasm of the flexor only in the left arm of a patient with dis- 
seminated sclerosis. 
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Chart 5.—Hemiparkinsonism of the left side after encephalitis. Left portion 
of chart, diseased left arm; right portion, normal right arm. 

tone, soon followed by a slight rise. Thus a negative of the “nose” is 
obtained after every step of extension. As soon as the arm is flexed 
beyond 100 degrees, tension is recorded on the extensor side of the 


graph ; the tone is similar to that previously observed on the flexor side. 
One must keep in mind that the dynamometer records only the differ- 
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ence between flexor and extensor tone. Thus the negative flexor “‘nose” 
may be due to a positive extensor “nose,” buried under the high flexor 


tone. 


There is no question about the tremendous difference between the 
curves for the normal and the pathologic condition. 








Chart 7.—Same patient as in chart 6. Left side of chart shows curve for quick 
movements; the right side, that of slow movements. 


Chart 3 shows that the speed of the movement has a definite influ- 
ence on the curves. When an extension of about 70 degrees is per- 
formed in about six seconds, flexor tone shows a much lower “nose” 


than in a movement performed in a fraction of a second. 


The extensor 
tone behaves similarly. 
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The “nose” can be demonstrated in most of the spastic processes ; 
however, occasionally it is much less evident (chart 4). In this patient, 
who suffers from multiple sclerosis, it is almost absent. Otherwise, he 
shows the same increase of muscle tone, which is proportional to the 
passive extension of the muscle. The tone curve of spastic patients, 
obtained with this machine, almost seems to be a mirrored reflection of 
the curve of extension. 

In considering some examples of the parkinsonian syndrome, it is 
wise to start again from the normal condition. Chart 5 shows the 
curves obtained from the left and right arm of a patient who suffered 
from left-handed postencephalitic parkinsonian syndrome. His normal 
right arm gives the typical curve of an S horizonally placed, with some 























Chart 8.—A patient with Parkinson’s disease of the left leg. The leg shows a 
curve of almost spastic type. At the point indicated by an arrow at lower right, the 
leg is released and returns spontaneously toward the position for which it shows a 
predilection. 


vibrations due to vibrations of resonance in the dynamometer. The 
curve of the diseased arm differs from the normal one chiefly in the 
absence of the second jerk at the end of the movement. The impulse 
of the arm has been absorbed on the way from the extended to the flexed 
position ; the movement of the arm is permanently inhibited on the way. 
With quick rotation of the arm, there is indeed increased tone outlasting 
the movement, but a few seconds later it drops to zero again. This is the 
typical behavior of patients with Parkinson’s disease. It is much more 
pronounced in the curves shown in chart 6 taken from a more advanced 
ease. Here a strong tremor is also recorded ; the dynamometer’s curve, 
however, can be easily read. The tension of the extended muscle 
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rises very high, and falls to zero in a logarithmic curve soon afterward. 
The result is something like the “nose” in the curve for the first patient ; 
however, the “mirror effect” is absent. The “nose” increases with 
the speed of the movement, just as it did in the first spastic patient 
(chart 7). 

In the severest cases of paralysis agitans, there are occasionally 
curves similar to those in spasm (chart 8). However, it is always 
evident that extensors and flexors participate in disturbance of tone, 
while in real spastic paralysis there is a definite predilection of the dis- 
turbance of tone either for the flexor or for the extensor group of 
muscles. By means of this predilection one can recognize a slight 
spastic paresis in the curve, even when it otherwise simulates that of a 
patient with Parkinson’s disease (chart 9). 





Chart 9—The left side of the chart shows the curve for the paralyzed right 
arm of a patient with right-sided hemiplegia after trauma of the skull; the right 
side shows that for the normal left arm. The slow changes in level of the first 
line are due to a poor fixation of the machine. 


CONCLUSIONS 

The essential result of these experiments is the production of patho- 
logic tone by stretch of muscles. In cases of Parkinson’s disease, it is 
produced by stretch in all muscles of the diseased extremity ; in spastic 
paresis in general, when the “antigravity” muscles are stretched. Another 
difference is that in cases of Parkinson’s disease, muscle tone falls to 
zero soon after the movement, while in spastic paresis it stays on a 
certain level, after an initial drop, or from the beginning. There are 
transitional forms between classic spasm and classic rigidity. The effect 
of the typical spasm is that of a spring, an effort to fix an especial 
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posture, whereas that of rigidity is essentially that of a brake, the fixa- 
tion of every posture induced passively. Once relaxed, the spastic limb 
immediately returns to its predilection “posture,” which the parksonian 
limb generally will not do. 


If one compares these observations with the descriptions of difficul- 
ties of tone given by other authors, especially those of the German 
school, one easily recognizes all those types of behavior which have 
been described as “Dehnungsreflex,” “Fixationspannung,” “Adaptions- 
spannung,” etc. The stretch reaction of Sherrington and also the 
lengthening reaction can be easily recognized. The stronger the length- 
ening reaction, the more rigidity there is. The reaction is also weaker 
and there is more spasm. 

It is a question whether the two main difficulties of tone in man have 
an analogy in experiments on animals. The spastic type can easily be 
identified with the classic decerebrate rigidity. However, in decerebrate 
animals some authors have seen certain modifications of rigidity, which 
may correspond to rigor. Bazett and Penfield,'* and Beritoff ** did not 
find the antigravity type in chronic subjects. Sherrington himself 
described a cataleptic behavior which, in my experience, excludes long 
and powerful stretch reactions. Girndt,’® who investigated in Magnus’ 
laboratory the spinal reflexes of cats from which the thalamus had 
been removed, observed on the day of the operation a cataleptic behavior 
of the defense reflexes, which disappeared immediately after decere- 
bration below the red muscles. This suggests that the type of decere- 
brate rigidity found in animal experimentation depends on the site of 
the lesion. Microscopic observations on man are in favor of this 
opinion. 


This evidence makes it appear that both spasm and rigor are com- 
posed of elements of decerebrate rigidity. But it is still impossible to 
discover the eventual share of muscle viscosity in subjects—animal and 
human—in which the rise’ of tone during the movement and shortly 
afterward surpasses the definite level of tension. Theoretically, it is 
possible to explain all the curves by the stretch reflex and the lengthening 
reaction. The shortening reaction cannot be examined with my machine. 


17. Bazett, H. C., and Penfield, W. G.: A Study of the Sherrington Decere- 
brate Animal in the Chronic as Well as the Acute Condition, Brain 45:185, 1922. 

18. Beritoff, I. S.: On the Mode of Origination of Labyrinthine and Cervical 
Tonic Reflexes and on Their Part in the Reflex Reactions of the Decerebrate 
Preparation, Quart. J. Exper. Physiol. 9:199, 1915. 


19. Girndt, O.: Physiologische Beobachtungen an Thalamuskatzen: II, Arch. 
f. d. ges. Physiol. 213:427, 1926. 
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Can any conclusions be drawn from these observations as to normal 
physiology? Nothing new can be created by destructive lesions. 
Symptoms must be hidden somewhere in the normal function. The 
muscle is considered as motor, but disease shows that it has two other 
functions, which can be compared with those of a spring and a brake. 


SUM MARY 

Three most important parts, therefore, of every automotor machine 
are combined in one organ. Instead of the old differentiation of muscu- 
lar function into shortening and locking, three different functions of 
the same organ may be differentiated: movement, balancing of posture 
and braking movements. 














TUMORS OF THE ACOUSTIC NERVE * 


JEAN MORELLE 


This study shows, in accordance with the important contributions of 
Henschen* and of Cushing,’® that the acoustic tumors are composed 
histologically of a fibrillary tissue and of a reticular tissue, intermingled 
in varying proportions. The variation in structure has resulted in a 
corresponding variation in the terminology used to designate these 
tumors. 


At the suggestion of Dr. Cushing, an attempt was made to determine 
whether the topographic distribution of these types of tissue in an 
early tumor might throw light on their significance. Moreover, since 
the clinical examination had revealed the persistence of a certain degree 
of auditory acuity, it was interesting to determine exactly the course of 
the remaining nervous fibers. 


REPORT OF CASE 


The tumor which forms the basis of this study was found acci- 
dentally at the autopsy of a woman, aged 73, who died following an 
operation for cancer of the breast. The presence of the acoustic tumor 
was not suspected, although she was known to have a bilateral diminu- 
tion of auditory acuity. 


The patient was admitted to the Peter Bent Brigham Hospital on July 19, 1926. 
The clinical record states that there had been a progressive deafness for the past 
twelve or fifteen years. The vision remained good; there was no complaint of 
headache or vertigo. Nevertheless, just before admission she had fallen fre- 
quently, apparently from general weakness. It was after a fall eight months 
previously, in which she had struck the right breast, that the cancer was discovered. 

The patient was much emaciated. The fundus oculi was normal. She could 
hear ordinary speech at a distance of about 30 cm. from each ear; a louder 
tone was heard for more than a meter by each ear. A cancerous nodule was present 
in the right breast, with ulceration in the region of the nipple. 

The right breast was amputated on July 24, 1926, and the patient died the 
next day. 

The necropsy (Dr. Charles L. Connor) disclosed chronic nephritis and gen- 
eralized arteriosclerosis. There was some atrophy of the frontal convolutions of 
the brain and a small tumor, 2 or 3 cm. in diameter, in the left cerebellopontile 
angle. The supero-external pole of the tumor projected into the porus acustic 
internus. 


*From the Surgical Clinic and Laboratory of Dr. Harvey Cushing, Peter 
Bent Brigham Hospital, Boston. 

1. Henschen: Zur Histologie und Pathogenese der Kleinhirnbriickenwinkel- 
tumoren, Arch. f. Psychiat. 56:21, 1915. 

2. Cushing, H.: The Tumors of the Acoustic Nerve, Philadelphia, J. B. 
Lippincott & Company, 1917. 
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The tumor was seen to lie in the left cerebellopontile angle (fig. 1), its 
greater diameter passing a little above the level of the pontobulbar fissure. The 
brain stem was not involved, except for some delicate nervous bundles which 
plunged into it at the normal site of emergence of the acoustic nerve. The tumor 
measured 3 cm. in its greatest diameter and 2.2 cm. in its transverse diameter. It 
was grayish-yellow; two grayer patches were seen on its external pole. Its sur- 
face was slightly nodular, and on its external extremity there was a small rough 
tubercle which corresponded to its point of implantation in the internal acoustic 
meatus. 

The tumor had indented the pons on the left side and pushed it toward the 
opposite side, as might be seen from the curvature of the basilar artery and the 
median raphi with their convexity to the right. The facial nerve, flattened and 








Fig. 1—Base of the brain showing the tumor in the left cerebellopontile angle. 


elongated, curved like a ribbon around the supero-internal surface of the tumor. 
The trigeminal nerve, although the growth was small, was nevertheless considerably 
elongated and appeared as a thin ribbon on the superior pole; the inferior pole had 
pushed the superior roots of the bulbar nerves downward. 

Aside from a slight internal hydrocephalus and some atrophy of the frontal 
convolutions, the rest of the brain appeared normal. 

The tumor was studied microscopically in serial sections, including neighboring 
portions of the bulb and pons, after fixation in 10 per cent neutral solution of 
formaldehyde. Its general structure appeared similar to that described by 
Henschen, Cushing and others for tumors of the acoustic nerve. The sections 
were stained serially in order by the following methods: Bielschowsky and Cajal 
for the nervous fibers, phosphotungstic acid hematoxylin of Mallory for neuroglia, 
Loyer for myelin sheaths and Perdrau for connective tissue. 
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DESCRIPTION OF TUMOR 

I shall describe successively the histologic appearance of the tumor, 
the course of the nervous fibers and the topographic distribution of the 
different tissues encountered. 


1. The tumor was composed of a fibrous tissue with elongated cells and oval 
nuclei; these nuclei were numerous in places, sometimes in rows, sometimes 
more or less crowded together; a distribution in palisades was not found in the 
present case. The tissue appeared in the form of bands or nodules of an 
irregularly concentric disposition, separated by a more or less loose reticular tissue. 
In these places were found fine fibrils dissociated by the side of fairly numerous 
nuclei. In other places, the cells seemed to be separated by an amorphous substance. 








Fig. 2.—Fibrillary area; method of Perdrau; 300. 


By the use of the method of Perdrau, there was found in the fibrous areas a 
peculiar arrangement (fig. 2) of the fibers which were intensely impregnated and 
distinct from each other. These fibrils were disposed in whirls, in bands or in 
plumes which spread out into the neighboring reticular tissue. The nuclei of the 
cells were not visible by this method. In the reticular areas (fig. 3) the fibers 
were thicker and shorter and were disposed irregularly between rounded nuclei; 
the protoplasm was indistinct. In the adjacent pons and bulb, only the perivascular 
connective tissue was impregnated by the method of Perdrau. 

The use of the method of Cajal did not permit my associates and me to deter- 
mine with certainty the presence of unmyelinated nervous fibers, probably because 
of the use of paraffin sections. The method of Bielschowsky was no more success- 
ful, and a comparison with the results of the other methods used showed that it 
was not to be depended on for the identification of nervous fibers; the fibrous 
tissue was impregnated in numerous regions. 
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Nothing resembling ganglion cells was encountered; neuroglial fibrils could not 
be detected, either with phosphotungstic acid-hematoxylin or with neutral ethyl 
violet. 

2. The course of the myelinated fibers, facial and acoustic, was determined by 
the method of Loyer. It was possible to distinguish, over a part of their extent, 
the cochlear from the vestibular fibers of the acoustic nerve, because of the simul- 
taneous section of a part of the neighboring medulla. 

The cochlear branch of the acoustic nerve, reduced to a delicate band of 
nervous tissue, passed from its emergence from the pons below the inferior pole 
of the tumor. At the level of the internal third of the inferior surface the 
cochlear fibers, until then simply applied to the surface of the tumor, became 


adherent and changed their direction suddenly (fig. 4). From this point they 














Fig. 3—Reticulated area; method of Perdrau; x 300. i 


spread out in various directions: one small group was lost in the extreme peripheral 
portions of the neoplastic tissue; others scattered over the inferior surface to 
appear at intervals along the anterior surface; finally, the most important bundle 
covered the posterior surface of the tumor to gain the superior surface forming 
two principal groups lodged in fissures, from which the fibers turned in the greater 
axis of the tumor, fused their elements and passed toward the nodule projecting 
into the meatus acusticus internus (fig. 5 A, fibers in black). The fibers seemed 
to diminish in number as they gained the temporal extremity of the growth. 
The vestibular fibers approached the tumor in a rather vertical compact bundle 
(fig. 5, fibers in red) situated on the antero-internal part of the tumor. They 
spread out like a fan on its anterior face, but the most important group curved 
also into the greater axis of the tumor and passed toward the temporal extremity 
to mingle with the fibers of the cochlear division. 
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The fibers of the facial nerve (fig. 5 A, fibers in blue) formed a relatively 
thick band along the anterior and inferior surfaces of the tumor but soon became 
flattened and spread out; they then rose to cap the supero-internal pole and finally 
passed toward the temporal extremity in a group which became more and more 
compact. 

However intimate the relationship of the facial nerve with the tumor may appear 
macroscopically, it was nevertheless in contact only with the capsule. The disposi- 
tion of the acoustic fibers was quite different: Those of the vestibular branch and 
especially those of the cochlear branch spread all around the tumor in its peripheral 
layers, forming a sort of shell (fig. 5 B). It is possible to find in many places a 
fairly sharp line of demarcation between the nervous fibers and the neoplastic cells, 
although the fibers are always within the capsule. Such an example of nonpene- 





Fig. 4—Turning point of the cochlear branch; phosphotungstic acid hema- 
toxylin; * 14. 


tration is shown in figure 6; the nervous elements run against a fibrous nodule and 
pass above, below or to one side without penetrating it or plunging into the nearby 
reticular tissue. In other places, especially when the peripheral tissue is loose, the 
demarcation between nervous and neoplastic tissue is not sharp (fig. 7). 

In the tumor examined, at the point where the cochlear fibers were lodged in 
two fissures along the superior surface, there could be seen the most central fibers 
dissociated by the interposition of protoplasm-poor cells which continued without 
transition into the rest of the tumor. Certain of these fibers even took a direction 
perpendicular to that of the main band of fibers. The same dissociation could 
be seen in the vertical bundle or vestibular fibers where they rounded the antero- 
internal face of the tumor, but the central fibers continued in the same direction as 
the main body. 











Fig. 5—Diagrammatic drawing of tumor in relation to pons and bulb (41). 


Cross-section of tumor at 1-1 (B). Course of different nerve fibers colored as 


follows: facial nerve, blue; vestibular nerve, red; cochlear nerve, black. 
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Fig. 6.—Myelinated fibers coming from the right and turned aside by a fibrous 
nodule ; method of Loyer; « 100. 














Fig. 7—Superficial interpenetration of vestibular and neoplastic fibers; method 
of Loyer; * 100. 
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A more intimate interpenetration of nervous fibers and neoplastic elements was 
seen in only one place, situated at the point of junction of the vestibular and 
acoustic fibers. Here certain fibers left the periphery to plunge directly into a loose 
reticular tissue where they were lost after a penetration of less than a millimeter 
(fig. 8). Because of the uncertainty of the results of the Bielschowsky and Cajal 
preparations, it was impossible to determine whether these fibers extended more 
deeply after losing their myelin sheaths. 

3. For the study of the topographic distribution of the two sorts of tissue 
described, the tumor is divided into three parts of about equal volume; two sec- 
tions, vertical and perpendicular to the greater axis divide the tumor into an 
internal portion, a middle portion and an external portion near the internal acoustic 
meatus. 
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Fig. 8.—Myelinated fibers plunging into the depth of the tumor; method of 
Loyer; & 100. 
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In the internal portion thus delimited, there was a clear preponderance of fibrous 
tissue, which here formed vast areas separated by narrow bands of reticular tissue. 
In the median portion, the distribution was similar but less sharp; the fibrous 
nodules were more numerous in the inferior layers of this portion. Finally, in 
the lateral third of the tumor the distribution of the fibrous tissue was much more 
irregular; the small nodule of tumor extending into the internal acoustic meatus 
was formed of particularly dense fibrous zones. 


This variable distribution of the two types of tissue apparently so 
different explains the variation in histologic appearance, and therefore 
the different terminology used for these tumors; a fragmentary exami- 
nation must easily lead to errors in interpretation of the actual structure. 
In the case reported, a fragment taken from the superior portion of the 
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middle segment—which would have been the most accessible surgically 
—might be mistaken for a myxoid tumor; a piece of the internal seg- 
ment of the same tumor would have an entirely different aspect because 
of the predominance of fibrous tissue and might be called a fibroglioma, 
and if the nuclei were numerous here the picture might suggest that of 
a sarcoma (gliosarcoma). Other analogous examples might be given. 

It is clear from the foregoing remarks that the examination of frag- 
ments of tumors removed, for example, in the course of an operation 
may show a histologic aspect not corresponding in any way to the 
structure of the whole tumor. 

The localization of the fibrous tissue, especially in the most internal 
portions of the tumor, may perhaps explain the fact noted by Dr. 
Cushing in the course of intracapsular enucleation of acoustic tumors, 
namely, that the portions most difficult to remove are generally situated 
in the neighborhood of the protuberance; they doubtless correspond to 
the numerous juxtapontile fibrous nodules encountered in the tumor 
described, as far as may be determined from a single case. 

Is it possible to determine from which of the two branches of the 
acoustic nerve this neoplasm arose? In a schematic way it may be 
said that the tumor is included between the fibers of the cochlear branch 
behind and the vestibular branch forward (fig. 5 B); but, while the 
cochlear fibers are dissociated in such a way as to form by themselves a 
sort of shell for the tumor, the vestibular fibers remain grouped in a 
much more homogeneous formation. Moreover, it was found that the 
central end of the cochlear root showed much more marked degeneration 
than the vestibular. It seems, therefore, that the tumor arose rather 
from the cochlear division, although the volume of the tumor was too 
considerable to allow one to arrive at a certain solution of this question. 

The evidence accumulated in recent years is in accord with the 
theory that the sheath cells of Schwann give origin to the tumors under 
discussion. During the course of the last century Bard, Gauthier, Grall, 
Durante and Klebs admitted an ectodermal origin, contrary to the 
reigning ideas of this time, but it was largely following the work of 
Verocay * that this theory was definitely established. Recently, Antoni * 
maintained that they arose from the supporting tissue of the nerves; 
Lhermitte and Leroux ° arrived at the same conclusion and designated 


3. Verocay, J.: Zur Kentniss der Neurofibrome, Beitr. z. path. Anat. u. z. allg. 
Path. 48:1, 1910. 


4. Antoni, E.: Ueber Riickenmarkstumoren und Neurofibrome, Wiesbaden 
and Munich, 1920. 


5. Lhermitte, J., and Leroux, R.: Etude histologique générale des gliommes 
des nerfs périphériques, des racines rachidiennes et des gliomes viscéraux, Rev. 
neurol., 1923, p. 286. 
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them “‘gliomes périphériques.” Masson ® is still more specific in intro- 


ducing the term “Schwannome.”’ 

For these reasons, it would be interesting to determine at what point 
in the intracranial course of the nerve the tumor develops primitively: 
whether in its central portion in which neuroglial elements are found, or 
in its distal portion in which cells of Schwann are absent. Unfortunately, 
here again the volume of the tumor makes it impossible to determine the 
origin exactly. There is a distance of about 15 mm. between the 
apparent origin of the cochlear branch and its point of dispersion on the 
surface of the tumor, but one cannot base any certain conclusion on this 
observation, for the development of the tumor might have stretched the 
central root. Nevertheless, it makes one inclined to admit a peripheral 
point of origin; in the course of its growth the tumor would have 
progressed centrally, dissociating the fibers of the cochlear and later of 
the vestibular branch. 

The disposition of the nervous fibers clearly gives the impression that 
they have been pushed to the periphery by a neoplasm which arose in 
the midst of them (fig. 5 B); they are intimately included, more or 
less according to the region examined, in the capsule of the tumor, but 
their interpenetration with the neoplastic tissue is infrequent and con- 
fined to the superficial layers—at least, as far as may be determined 
from the myelin sheaths. Recently, Ayala and Sabatucci’ arrived at 
similar conclusions. 

In order to establish the existence of a “neurogenic tissue,” Verocay * 
insisted on the fact that the fibrous tissue did not give the usual tinctorial 
reactions of collogenic tissue. This fact has been verified many times 
since ; the use of the aniline blue method of Mallory gave similar results. 
But the method of Perdrau shows in these areas a mass of fibrils, 
although their morphologic aspect, their number and their architectural 
disposition do not resemble in any way the pictures obtained by the same 
method with collogenic tissue. Moreover, one cannot be dealing here 
either with nervous fibers or with neuroglial fibers as one may convince 
oneself by the examination of the neighboring pons and bulb in which 
only the perivascular connective tissue is impregnated. The presence of 
a special fibrillary tissue in the fibrous areas seems to furnish another 
argument in favor of the existence of a peculiar tissue in these tumors. 
One should note that the method of Perdrau generally colors in black 
the precollogenic or reticular fibrils of the connective tissue. 


6. Masson: Tumeurs: Diagnostic histologique, Paris, Maloine, 1923. 


7. Ayala, G., and Sabatucci, F.: Klinischer und pathologischer Beitrag zum 
Studium der zentralen Neurofibromatosen, Ztschr. f. d. ges. Neurol. u. Psychiat. 
96:496, 1926. 
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In a case of acoustic tumor Derman * showed, by impregnation with 
3ielschowsky’s method, delicate fibrils which continued into the peri- 
vascular connective tissue ; if the impregnation was less intense, only the 
fibrils were colored. But the author did not identify these fibrils with 
nervous fibers with certainty. Nevertheless, in a tumor of the dura 
mater associated with cutaneous tumors, this author® found in the 
latter, besides the structure of a neurinoma of Verocay, fibrils impreg- 
nated by the method of Bielschowsky; for this reason, he seemed here 
to attribute to them a nervous nature. In a case of bilateral acoustic 
tumor accompanied by other nodules on the intracranial nerves, Her- 
mann and Terplan*® described fibers also, presumably nervous, dis- 
closed by the same technic. 

The procedure of Bielschowsky, at least in the tumor described in 
this paper, has not proved absolutely specific, as comparison with other 
methods showed. So I believe that one should be suspicious in these 
cases of fibers impregnated by this procedure. In the instances cited, 
they were probably precollogenic or reticular fibrils. 


CONCLUSIONS 
1. This study concerns an isolated tumor of the acoustic nerve 
probably developing from the distal portion of the cochlear division. 


2. The fibers of the acoustic nerve spread out over the surface of 
the tumor; they penetrated it rarely and only superficially, if one may 
judge from the myelin sheaths. 


3. Histologically, the tumor was formed of two tissues, reticular 
and fibrous, characteristic of acoustic tumors; their variable distribution 
in the tumor explains how the examination of a small fragment might 
lead to an erroneous histologic diagnosis. 


4. This case verifies the operative observation of a juxtapontile 
localization of the denser parts of the tumor. 


5. The method of Perdrau displays a special fibrillary formation 
which cannot be of either nervous or neuroglial nature. 


8. Derman, G. L.: Zur Kentniss der Kleinbriickenwinkelneurinome, Virchows 
Arch. f. path. Anat. 261:39, 1926. 

9. Derman, G. L.: Ein Beitrag zur Kentniss der Neurinomatose, Centralbl. f. 
allg. Pathol. u. path. Anat. 37:52, 1926. 

10. Herrmann, G., and Terplan, K.: Ein Beitrag zur Klinik und Anatomie der 
Kleinbriickenwinkeltumore, Ztschr. f. d. ges. Neurol. u. Psychiat. 93:528, 1924. 
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DIVERTICULUM OF THE BLADDER 
AN ANALYSIS OF THIRTY-ONE CASES * 
CHARLES TEEL 


In a review of the cases of diverticulum of the urinary bladder 
observed in the urologic clinic of the Peter Bent Brigham Hospital, 
there are several points with which I have been especially impressed, 
perhaps, most of all by the frequent association of neoplasm and calculus 
of the bladder with diverticulum. 

Thirty-one cases of diverticulum of the bladder were reviewed. In 
this group there was a sac of not less than 2 cm. in diameter in every 
case. In ten cases, or 30 per cent, there were multiple diverticula; in 
five others, the records mention the presence of additional cellules or 
saccules, varying in size up to 0.75 cm. in depth. 

Diverticulum of the bladder is predominantly a disease of men. 
Only one case occurred in a woman, and this was not recognized before 
operation. In this case the sac was similar to those observed in men; 
it opened on the right lateral wall of the bladder, and was about one- 
third the size of the bladder, its wall being unusually thin. 

Most of the patients had reached old age. More than one third of 
them were in the seventh decade of life, and only 20 per cent were less 
than 50 years of age. 

Most of the diverticula were adjacent to the ureteric orifices; ten 
were near the right orifice, eight near the left. Most of these were 
described as having their openings just behind, and lateral to, the orifice. 
Four occurred in the midline behind the interureteric bar, six in the 
vault and one on each lateral wall. 

Frequency of urination was the most common symptom. Difficulty 
in starting the stream, and burning and smarting on urination were also 
nearly always present, though often intermittent. Hematuria occurred 
in fifteen cases, or in practically half of the series; eight of these, how- 
ever, were found to have an associated calculus or tumor of the bladder. 
In the other cases, the amount of bleeding was usually small. Seven 
patients, or 23 per cent, complained of pain, usually accompanying 
urination, varying from slight, dull suprapubic pain to terrific spasms 
in which the patient would sit in a chair and rock back and forth 
violently while voiding. In fifteen cases, the urine was cloudy and foul 
smelling; in eight there was a moderate to mild cystitis, and in the 
remaining seven, the urine was practically clear. 


*From the Peter Bent Brigham Hospital, Boston. 
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As to the duration of symptoms, only three patients told of urinary 
difficulty since childhood. The great majority of them had had symp- 
toms for from one to seven years. 

In most of the cases the kidneys functioned well, as judged by the 
output of phenolsulphonphthalein and the determinations of blood urea 
nitrogen. In only seven of the cases was the output of phthalein less 
than 30 per cent in two hours (intramuscular method). In one case, 
the patient entered the hospital with uremia; there was a gangrenous 














Fig. 1—The characteristic deformity of diverticulum. The lower shadow 
represents the cavity of the bladder. The rounded outline of a diverticulum appears 
just above. 


cystitis, and pus could be seen exuding from both ureteral orifices. 
Unfortunately, autopsy was not performed. 

The condition of the prostate gland in this group of cases is of 
special interest. Only four cases lacked evidence of hypertrophy of the 
gland or of contraction of the vesical orifice. Sometimes the prostatic 
enlargement was slight, but when this was the case, there was usually 
a definite contraction of the vesical orifice. In eighteen of the cases, or 
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58 per cent, the prostatic hypertrophy was described as marked. 
Eighteen of the twenty-four male patients (75 per cent) who came to 
operation underwent either enucleation of the prostate gland or excision 
of a median bar. 

Perhaps the most interesting feature of this study was the frequent 
association of diverticulum with calculus, tumor, or both. Calculi of 
the bladder were present in eight of the thirty-one cases. In four of 
these, the calculus was found in the diverticulum; in the other four, it 

















Fig. 2—Shadows of multiple diverticula. The outline of four sacs can be seen 
around the shadow of the bladder. 


was free in the bladder. In one case, a stone, 6 cm. in diameter and 
weighing 93.5 Gm., was found in the diverticulum. Another case was 
unusual in that seven large stones, together weighing 107 Gm., lay 
directly on a carcinoma which involved nearly the whole floor of the 
bladder and part of the left lateral wall. There were also numerous 
prostatic calculi. The diverticulum opened in the vertex of the bladder. 


A neoplasm of the bladder was present in seven cases. In three, the 
tumor appeared to originate from the lining of the diverticular sac, and 
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in each the growth was a papillary carcinoma. The tumor was entirely 
hidden within the diverticulum in one case, and was demonstrated only 
when the sac was excised at operation. In the other two cases, the 
growth completely filled the diverticulum, and protruded from its orifice 
in such a way that the presence of the sac was not suspected until 
excision of the tumor-bearing area of the wall was begun. It was then 
found that the tumor arose from the mucous membrane which lined a 
diverticulum. 

In the other four cases, the growth did not involve the diverticulum. 
One patient had a papillary carcinoma involving the floor of the bladder ; 
another had a colloid carcinoma; while two were cases of benign 
papilloma. 

One of these cases seems worthy of special mention. 


DIVERTICULUM WITH BENIGN PAPILLOMA 


A carpenter, aged 60, had had attacks of chills and fever with urinary frequency 
for twenty years. The urine had been slightly cloudy, at times somewhat bloody. 
Examination fevealed a large diverticulum with its orifice located on the right 
lateral wall of the bladder, just lateral to the right ureteral orifice. There were 
also two flat semisessile growths on the posterior wall of the bladder, apparently 
benign papillomas. At operation the diverticulum was excised. One tumor, which 
was removed for pathologic study, showed microscopically a structure typical of 
benign papilloma. The patient recovered from his operation, except for a somewhat 
persistent cystitis, and was discharged from-the hospital. He was instructed to 
report to the outpatient department for*observation and fulguration of the remain- 
ing papilloma. The patient did not return, however, and was not heard of, until 
eight years later, when he showed an extensive sloughing carcinoma of the bladder. 
He died a few months later. 


The lesson to be learned from this case is, of course, that a benign 
growth should be regarded as at least potentially malignant, especially 
in the presence of infection which so frequently complicates these cases. 
Treatment should be given accordingly. 

Twenty-five of the cases of this series came to operation. The usual 
method of excision was as follows: Preliminary drainage of the bladder 
was carried out, usually through a urethral retention catheter. A first 
stage cystostomy was avoided, as the resulting adhesions tend to form 
an even greater barrier to what is often a difficult dissection. When 
the condition of the patient had become satisfactory, the bladder was 
opened suprapubically and the diverticulum was packed with gauze. 
The adjacent pelvic tissues were then dissected from the outer wall of 
the bladder, in the region of the diverticulum. The sac itself was then 
defined, and narrowed down to its neck, which was cut through; the 
wall of the sac was removed, and the edges of the wall of the bladder 
were united with one or two rows of interrupted catgut. 
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If the sac is small and there has been little inflammatory reaction, 
it is sometimes possible to invert the entire wall of the diverticulum, 
as has been suggested by others, and, cutting across the neck, make the 
repair entirely from the bladder aspect. This is a much simpler process, 
as it eliminates the pelvic dissection. It was carried out in five cases 
of the series. It was not necessary in any case to dissect out the 


mucous membrane lining the diverticulum, leaving behind the rest of 











Fig. 3—A sac into which a ureteral catheter has been introduced through the 


cystoscope. This is a common method for bringing out the outline of the divertic- 
ulum more clearly. 


the sac wall. Such a procedure is to be avoided; it is an exceptional 
case when this becomes necessary. 

With a sufficiently long preoperative drainage of the bladder, it is 
sometimes possible to enucleate a small prostate at the same time that 
the diverticulum is excised. When there is any doubt about the condi- 


tion of the patient, however, it is safer to carry out this procedure at 
another time. 
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Division and transplantation of a ureter to another part of the 
bladder was necessary in only three cases ; two were cases of carcinoma, 
in which the growth was resected, and the ureteric orifice had to be 
sacrificed in order to allow a wide enough resection. In the third 
patient, the ureter emptied into the diverticulum, rather than into the 
cavity of the bladder. This was the only case in the series in which 
this situation was found. 














Fig. 4—A fully distended bladder. Only a slight deformity is evident. Repeated 
roentgenograms are essential to accurate diagnosis. 


The difficulty of the operation depends primarily on two factors. 
The first is the extent of the surrounding pelvic adhesions. In cases in 
which infection has been especially severe and of long standing, 
adhesions become correspondingly firm and extensive, and the pelvic 
dissection consequently grows more difficult. The second factor is 
the location of the sac. While a diverticulum arising from the lateral 
walls or vertex usually proves relatively simple because of the ease 
with which satisfactory exposure is obtained, those growing from the 
more dependent parts of the bladder are much more difficult. 
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DIVERTICULUM BELOW THE TRIGONE OF THE BLADDER 


Illustrating such a condition was the case of W. P., a business manager, aged 41, 
who had had urinary difficulty as long as he could remember. This was charac- 
terized by periods of difficulty in starting the urinary stream, also by great urgency, 
frequency and pain on urination. Moderate pyuria was present. Nine years before 
he came to the Peter Bent Brigham Hospital, the patient had had a suprapubic 
cystotomy, and a calculus the size of an English walnut was removed. The diver- 
ticulum was recognized at that time, but apparently repair was not attempted. One 








Fig. 5—The same patient as in figure 4. When the bladder is partly emptied, 
the presence of the diverticulum is shown clearly. 


year later, at one of the large urologic clinics, the diverticulum had been pronounced 
inoperable because of its location; nothing but excision of the median bar had been 
attempted. The symptoms continued, becoming even more severe during the next 
few years. The patient was incapacitated for days at a time. On entrance to the 
hospital, cystoscopy showed the orifice of a diverticulum, 1.5 cm. in diameter in 
the midline immediately behind the interureteric bar, while cystography showed the 
sac, the size of a lemon, passing downward so that practically the entire sac lay 
under the trigone of the bladder. 

A midline suprapubic incision was made. Exposure was extremely difficult 
because of the scar tissue resulting from the two previous operations and long 
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continued infection. The neck of the sac was finally isolated, cut across, and the 
dissection of the diverticulum begun. The wall was thin and so closely incor- 
porated with the wall of the rectum that it was only with the greatest care that the 
dissection was accomplished. The postoperative course was satisfactory; the 
patient was completely relieved of urgency and painful urination. There was some 
frequency due to a persistent cystitis, but after treatment for two months with 
frequent lavage of the bladder, this condition cleared up entirely. The patient has 
remained completely cured. 


Relief from symptoms after operation in this series of cases was 
usually gratifying. The main postoperative difficulty was persistent 
cystitis which was often difficult to control, particularly in cases in 
which pyuria had been a marked symptom before operation. Six of the 
patients died within a year after operation, but four of these had car- 
cinoma of the bladder, as already mentioned. One patient died from 
postoperative pulmonary embolism and one from bronchopneumonia. 

Roentgenography has greatly simplified the diagnosis of diver- 
ticulum of the bladder. Many series of roentgenograms of the bladder 
have been published, and the technic has been adequately described. 
One point to be emphasized, which has been mentioned by others, is 
that the introduction of an opaque medium into the bladder, followed 
by a single negative roentgenogram, by no means rules out the presence 
of a diverticulum. The chief reason for this is shown by two roent- 
genograms of the same patient, reproduced herewith. The first, with 
the bladder well filled, shows little deformity, whereas the second, with 
the content of the bladder partly removed, shows the sac clearly outlined. 
Lateral views as well as anteroposterior ones should be taken, of 
course, to show the complete relations of the sac. 


CONCLUSIONS 


Diverticulum of the bladder is a condition in which a diagnosis 
is usually made without difficulty, by modern methods. Adequate treat- 
ment, consisting of complete excision of the sac with removal of any 
existing obstruction at the neck of the bladder and of residual infection, 
gives gratifying relief from symptoms which frequently have been of 
long standing and often almost unbearable. 





CONGENITAL ABSENCE OF THE VERMIFORM 
APPENDIX * 


BRADLEY 


Congenital absence of the vermiform appendix is a rare anomaly. 
Its infrequence is illustrated by the following data: Of 8,102 cases 
examined in the autopsy and dissecting room, in which the presence or 
absence of the appendix was noted, only two showed congenital absence. 
The source of these figures is shown in table 1. 

Further evidence of the rarity of the anomaly is found in the fact 
that, according to Dorland,' who reviewed the literature in 1925, only 
thirty-seven authentic cases have been reported. Other authors regard 
true cases of complete congenital absence as even more rare; thus, 
Dailey,? in 1910, accepted only ten of the twenty-six cases reported up 
to that time. 

TABLE 1.—Absence of Appendix in 8,102 Cases 


Authority Number of Cases Number Absent 


Gladstone: J. Anat. 49:3 414, , date 1,352* One 
Gladstone: Brit. J. Surg. , 3,000 None 
Ferguson: Am. J. BM. Ge. BOE 8 Gl, WOR... . ccc cc ccc cccccces 200 One 
Heineck: Interstate M. J. 133501, 1906 3,550 None 


Total 8,102 Two 


* An aggregation of cases compiled from reports by Monks and Blake: Boston M. & S. J. 
147 : 581, 1902; Fawcett and Blatchford: J. Anat. 20: 34, 1899; Ribbert, quoted by Gladstone 
(1914); Berry: M. J. Australia 123305, 1907, and Treves, quoted by Gladstone (1914); also 
Dorland: Internat. Clin. 4:44, 1925. One case of absence reported by Fawcett and Blatchford. 


The literature has been reviewed by Schridde * (1904), by Dailey ” 
(1910) and Dorland? (1925). The first reference to the subject is 
credited to Morgagni‘* in 1719. In 1762, W. Hunter ° described a case 
of this kind found at operation for hernia. In 1765, von Haller ® 
reported absence of the appendix. Meckel* described a case in 1812 in 


* From the surgical service of the Peter Bent Brigham Hospital, Boston. 

1. Dorland, W. A. N.: Congenital Absence of the Vermiform Appendix, 
Internat. Clin. 4:44, 1925. 

2. Dailey, U. G.: Total Congenital Absence of the Vermiform Appendix, 
Surg. Gynec. Obst. 11:413, 1910. 

3. Schridde, H.: Ueber den angeborenen Mangel des Processus vermiformis, 
Virchows Arch. f. path. Anat. 177:150, 1904. 

4. Morgagni, G. B.: Adversaria Anatomica, vol. 3, p. 14, 1719; quoted by 
Dorland (footnote 1) and Dailey (footnote 2). 

5. Hunter, W.: Medical Commentaries, London, 1762; quoted in Leske's: 
Austige aus den philosophicher Transactionem, p. 110; cited by Dailey (footnote 2) 
and by Dorland (footnote 1). 

6. Von Haller, A.: Elementa Physiologia, vol. 7, p. 18; quoted by Dailey 
(footnote 2) and Dorland (footnote 1). 

7. Meckel, J. F.: Handbuch der path. Anat., Bd. I, 1912, p. 599. 
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a dissecting room subject. Since then thirteen additional cases have 
been reported from anatomic and pathologic laboratories.® 

In addition, there are four specimens in museums: Two, referred 
to by Gladstone, are at the Museum of the Royal College of Surgeons, 
England, and two, described by Huntington,’® are at the Columbia 
University Museum. The occurrence of the anomaly is, therefore, well 
established. 

In 1925, Dorland collected from the literature thirty-seven cases 
which he regarded as authentic. Schridde and Dailey are more critical 
and do not accept many of the earlier cases. A critical review has not 
been attempted ; one case, however, which is reported by Shiels,’* is con- 
sidered dubious because of the extensive adhesions around the cecum. 

In addition to the cases collected by Dorland, the literature contains 
references to four others, two of which have not actually been reported. 
Concerning one of the latter two cases }* it was stated that at a meeting 
of the American Surgical Association in 1910, “Bloodgood signale un 
cas d’absence de l’appendice avec caecum situé tres haut.” Another 
report of this case cannot be found. The reference to the other case is 
made by Swan'*® who stated that Dr. Guiteras of Philadelphia, in a 
personal communication to him, reported seeing a case at autopsy at the 
Philadelphia General Hospital. Further reference to this case is lacking. 

More definite is the report of a case demonstrated by Marie ** before 
the Société Anatomique de Paris in 1903. The Bulletin of the society 
stated, “M. R. Marie montre un cecum dépourvu d’appendice iléo-caecal. 
Il n’y a pas trace de diverticule appendiculare. La malformation est ici 
congénitale.” 


The fourth case is one recently reported by Maurer * in which an 


operation was undertaken for a diagnosis of appendicitis but an appendix 
was not found. 


8. Ferguson: Am. J. M. Sc. 101:61, 1891. Dorland (footnote 1). Dailey 
(footnote 2). Schridde (footnote 3). Swan, J. M.: A Case of Congenital 
Absence of the Vermiform Appendix, Tr. Path. Soc., Philadelphia 18:38, 1898. 
Marshall, H. T., and Edwards, R. T.: Agenesis of the Vermiform Appendix, 
Philippine J. Sc. 1:1061, 1906. Fawcett and Blatchford: J. Anat. 34:20, 1899. 
Picquard, G.: Bull. Soc. anat. de Paris 68:602, 1900. Oliver, Robinson, Looten, 
Bird and Hansen, quoted by Dorland (footnote 1). 

9. Gladstone: Congenital Absence of the Appendix of the Cecum, J. Anat. 49: 
419, 1914. 

10. Huntington, G. S.: The Anatomy of the Human Peritoneum and Abdomi- 
nal Cavity, 1903, p. 249; quoted by Dorland (footnote 1) and Dailey (footnote 2). 

11. Shiels, C. F.: Absence of Appendix, J. A. M. A. 57:1535 (Nov. 4) 1911. 

12. Bloodgood, J. C.: Arch. gén. de chir. 7:80, 1911. 

13. Swan (footnote 8, fifth reference). 

14. Marie, R.: Bull. et mém. Soc. anat. de Paris 5:466, 1903. 


15. Maurer, Z.: Rare Case of Absence of Appendix, Polska gaz. lek. 6:155, 
1927. 
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Twelve of the thirty-seven cases reported by Dorland were surgical, 
that is, cases in which the appendix could not be found at operation. 
All these cases, it is realized, are open to criticism, for, from the nature 
of the circumstances, objections concerning the validity of the reports 
can be raised and cannot well be answered. The case which Dorland 
saw, in consultation after operation, is a pertinent demonstration of the 
fact that the observations at operation may be accurate, and provides a 
warning against too vigorous or prolonged a search. In this case, 
operation was undertaken with a diagnosis of appendicitis; a search of 
forty-five minutes failed to reveal the appendix; the patient died three 
days later of postoperative ileus ; autopsy confirmed the operative obser- 
vations. The possibility of the appendix lying in an unusual position, 
however, in which it cannot be discovered by safe search will always 
render surgical reports somewhat dubious. The warning given by 
Dailey, that “one should not be too hasty in publishing alleged cases of 
absent appendix for there are many possibilities of error” is justified. 
Nevertheless, it seems reasonable to accept, tentatively, cases lacking 
evidence either of previous surgical intervention or of any pathologic 
process which may have destroyed the organ and in which a careful 
search is unsuccessful. Such is the case presented here. 


REPORT OF CASE 


History—A West Indian man, unmarried and 19 years of age, was referred 
to the hospital by his family physician with a diagnosis of “mild acute appen- 
dicitis.” The history was essentially negative; it did not include previous attacks 
of abdominal pain or operations. 


Present Illness—Two weeks prior to admission the patient first complained of 
nausea and diffuse abdominal distress which lasted all day. A feeling of abdominal 
discomfort persisted during the next two weeks. On three occasions he com- 
plained of dull, diffuse lower abdominal pain, more marked in the right lower 
quadrant. The patient was seen in the outdoor department six days before admis- 
sion; examination showed slight tenderness in the right lower quadrant, a tempera- 
ture of 99.6 F. and a white blood count of 14,900. Admission to the hospital with 
a diagnosis of appendicitis was advised but refused by the patient who was, how- 
ever, referred to the hospital by his local physician six days later, with the same 
diagnosis. 

Physical Examination—A general examination gave negative results. Except 
for slight tenderness on deep palpation over McBurney’s point, without spasm, 
the abdomen appeared normal. Scars were not present. The temperature was 
98 F.; the white cell count, 10,700. Tests of the urine gave negative results. The 
Wassermann reaction of the blood was negative. A roentgenogram of the urinary 
tract did not show evidence of calculi. The case gave the appearance of a sub- 
siding appendicitis. 

Operation—On opening the peritoneum, the cecum was found exposed in 
the wound. Digital exploration did not disclose the appendix. The cecum was 
drawn up into the wound until its lower end and the ileocecal junction were 
exposed; the teniae coli were identified, followed to their terminations and found 
to end in a small, mound-like, conical elevation about 1 cm. in diameter and 3 mm. 
in height. The lower end of the cecum, the pericecal and retrocecal regions were 
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explored but nothing else resembling an appendix could be found. The cecum was 
rather mobile and of normal size; the walls in the lower portion were possibly 
slightly thickened but did not disclose injection or inflammation. There were a 
number of lymph nodes from 2 to 5 mm. in diameter, of normal color and con- 
sistence over the lower end of the cecum and in the adjacent mesentery. The 
examination was repeated by the assistant resident surgeon, by the resident surgeon 
and by the visiting surgeon, with confirmation of the foregoing observations. 
The convalescence was uneventful. 

Of especial interest is the embryologic explanation of the anomaly. 
According to Kelly and Hurdon,'* the appendix is “merely a portion 
of the general cecal pouch which has remained in an early stage of 
development.” It is formed from the terminal portion of the cecal 
pouch from which it is at first indistinguishable. Differentiation takes 
place in two stages: A primary stage occurs at about eight weeks 
when a distinction can first be made between a larger proximal portion 
(cecum) and a smaller distal portion (appendix). A secondary stage 
occurs at about the time of birth, coincident with the formation of the 
teniae, when a more marked disproportion between the size of the 
cecum and that of the appendix becomes evident. Development may 
be interfered with at any stage. The resultant anomalies have been 
postulated as follows: 


TABLE 2.—The Arrested Development of the Cecal Pouch and the Resultant 





Anomalies 
Stage of Growth Anomaly 
Failure of the cecal anlage to develop.................... Absence of the cecum and appendix 
Partial development of the cecal anlage.................. Rudimentary cecum without the 


appendix , 
Full development of the ceeal portion; no development Normal cecum; no appendix 
of the appendiceal portion 


Normal early differentiation of the appendix, but early Normal cecum; rudimentary 
discontinuance of development appendix 

Normal early development but failure of appendiceal Normal appearing cecum probably 
portion to become differentiated, its growth keeping with extra haustra, as in case 
pace with that of the cecal portion so that a differ- reported by Schridde; no 


entiation is not evident appendix 


The small conical elevation at the junction of the teniae in the case 
described is interpreted to represent a rudimentary appendix. This case 
may be regarded, therefore, as representing the fourth possibility and 
should probably be classed as a hypoplasia rather than a true aplasia. 
In the case reported by Marshall and Edwards,’* however, which is 
generally accepted as one of true congenital absence or aplasia, there 
was a papular elevation 2 mm. high at the junction of the longitudinal 
bands, while on the mucosal side there was a shallow depression cor- 
responding to the orifice of the appendix. 


16. Kelly, H. A., and Hurdon, E.: The Vermiform Appendix, Philadelphia, 
W. B. Saunders Company, 1905. 


17. Marshall, H. T., and Edwards, R. T. (footnote 8; fifth reference). 
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SUMMARY 


A case of congenital absence or of hypoplasia of the vermiform 
appendix, observed at operation, is reported. 

Two other cases, one demonstrated by Marie in 1903 and one 
reported by Maurer in 1927, are added to the thirty-seven cases collected 
previously. 


The anomaly is rare, the total number of recognized cases not exceed- 
ing forty. 









































CONGENITAL COXA VARA* 


JOSEPH S. BARR 


The purpose of this paper is to review briefly the literature and to 
report five additional cases of what is referred to by various writers as 
congenital, infantile or cervical coxa vara. Coxa vara is an anatomic 
term now used to indicate a diminution from normal of the angle 
between the neck and the shaft of the femur. 

Since coxa vara is caused by the strain of weight-bearing on a 
weakened femoral neck, one finds that the cases fall into certain groups, 
depending on the etiology of the weakness. A classification now gen- 
erally used is as follows: 

1. Congenital coxa vara (the infantile or cervical type of Elmslie and Fair- 

anks ). 

2. Acquired coxa vara. 

(a) Due to local pathologic processes such as cervical fracture, tuberculous or 
pyogenic infection, metastatic malignancy and similar conditions. 

(b) Adolescent coxa vara, which Noble and Hauser believe is due to pituitary 

sfunction. 

(c) Coxa vara due to generalized disease of bone, such as rickets, osteitis 

eformans and other conditions. 


Congenital coxa vara, as Jones and Lovett stated in their textbook, 
‘has not been sufficiently emphasized and is of importance as an entity.” 
It was first recognized by Krebel in 1896 when he reported two cases, 
but he had neither x-ray nor pathologic evidence to support his diag- 
nosis. Hoffa, in 1905, described two cases of undoubted congenital 
coxa vara, and supported the diagnosis by a resected specimen from one 
and by roentgenograms of both cases. Since that time the literature on 
the subject has increased rapidly and is now voluminous. The more 
important articles are listed in the appended bibliography. 


CLINICAL FEATURES 

Symptoms are noticed at any time from the beginning of weight- 
bearing until the age of 6 or 8 years. The onset is insidious; usually 
there is a painless limp which becomes slowly but progressively worse. 
Slight trauma, insignificant ordinarily, may cause exacerbation of symp- 
toms. Pain in the region of the affected hip is present in a considerable 
percentage of the cases but usually occurs late, apparently due to pos- 
tural changes. Both sexes are equally affected. About 30 per cent of 
the cases are bilateral. Fairbanks asserted that the left hip is more 
commonly affected than the right but quoted no statistics in support of 
the statement. 


*From the Orthopedic Service of the Children’s Hospital, Boston. 


nt 
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On physical examination, the leg is found to be short; abduction is 
markedly limited, and there may be some limitation in the extremes of 
extension and internal rotation. Passive motion within the limits 
allowed is usually painless. If the coxa vara is marked Trendelenberg’s 
sign may be present. The trochanter is always above Neélaton’s line. 
In bilateral cases the gait is waddling, and lordosis may be marked, 
simulating closely congenital dislocation of the hips, but there is no 
“piston mobility” present. The gait in unilateral cases is usually that 
of a simple short leg limp. An interesting feature is the frequent asso- 
ciation of other congenital defects. Fairbanks reported three cases in 
which craniocleidodysostosis, that is, deficient ossification of the 
clavicles and parietal bones, was present. A careful search should be 
made in every case for other congenital defects. 

Roentgen examination is characteristic and, with the clinical 
evidence, makes the diagnosis relatively simple. There is a defect in 
ossification of the femoral neck, which usually appears in the film as a 
clear, vertical band extending through the whole neck, resembling to 
some extent an old fracture, ununited. The band may take the appear- 
ance of an inverted V or Y, enclosing a triangular piece of bone which 
is apparently separate from the rest of the neck. The trochanter is 
high and may impinge on the ilium. There is increasing deformity as 
the head is driven downward. The neck becomes shorter, and later it 
may be completely absent, the head fusing to the shaft at the level of the 
lesser trochanter. 

PATHOLOGIC ANATOMY 

The pathologic changes in congenital coxa vara are not so clearly 
defined as one might desire, due chiefly to the lack of material. The 
resected specimens of Hoffa and Jones were both from adults, and the 
histology was not carefully studied. At operation a fissure correspond- 
ing to the line seen in the x-ray picture is found. This break in con- 
tinuity of bone is not a space but is filled with “non-calcified osteoid 
tissue” (Noble and Hauser). They published a photomicrograph which 
showed “irregularity of the epiphysis with islands of cartilage lying in 
the spongiosa and areas of osteoid tissue in the epiphysis.” 

Among the cases here reported, only one patient was operated on. 
The material removed from the midcervical region was subjected to 
microscopic examination by Dr. S. B. Wolbach. The pathologist’s 
description follows: 

“Six sections were made of the fragment of tissue received, which 
were composed of bone cartilage, fibrous tissue and muscle. Portions 
of the bony fragments showed the usual bone spicules and bone marrow. 
In three sections there was an alteration in the histology from that 
found in normal bone. The cartilaginous junction with the bone spicules 
was rather abrupt. The cartilage cells did not assume the linear 
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arrangement nor the enlargement usually found along the line of ossi- 
fication. The invasion of cartilage by blood capillaries was entirely 
absent. The marrow space in these sections ended abruptly at its junc- 
tion with the cartilage. Cartilage was similar in appearance to that 
found in the articular surface. The cartilage in one area was found to 
be intimately united with bone spicules rather deep in the spongy bone. 
Islands of disintegrated cartilage were also found between the bone 
spicules. Some of the spicules showed evidence of faulty laying down of 
bone matrix and some atrophy of bone. Nowhere was there marked 
evidence of bone formation, nor was there evidence of repair. Owing 
to the fragmentary character of the tissue, the exact relation of this 
cartilage to the surrounding bone could not be determined. The his- 
tology was not sufficiently characteristic to permit a definite diagnosis 
as to the cause of the bony change. Somewhat similar changes are 
sometimes found in bones of animals in which there is a vitamin 
deficiency, other than those which are known to influence the laying 
down of normal bone.” 

Schwarz was the first writer to advance the theory that the fissure 
seen in the x-ray picture is a portion of the embryonic neck disk which 
has not been replaced by bone. The bone itself is normal so far as can 
be determined. The pathologic changes in this case (case 1) are in 
accord with this theory. Uterine malposition and abnormal vasculariza- 
tion of the neck have been suggested as causes of the deficiency in 
ossification. The evidence in favor of either is inconclusive. 


TREATMENT 

Practically all writers agree that untreated congenital coxa vara 
tends to run a progressive course with increasing deformity and dis- 
ability. Fairbanks recommended subtrochanteric osteotomy to improve 
the weight-bearing line. He reported having operated on nine patients 
by this method with satisfactory results in eight. Noble and Hauser 
stated that such an operation is only of temporary benefit and recom- 
mended either a plastic operation on the head and neck after Brackett’s 
method or the bifurcating operation of Lorenz. Brackett’s operation, 
originally designed for ununited fracture of the femoral neck, consists 
in fixing the head and upper portion of the neck, divided by osteotomy, 
on the end of the femur and moving the greater trochanter further down ’ 
on the shaft. Lovett and Jones suggested prolonged immobilization in ri 
an abduction splint without weight-bearing. The patients in the cases 
here reported have, with one exception, been treated nonoperatively. 
The final outcome is subjudice as all of the patients are still under 
treatment. 

It seems probable that treatment should be conservative until puberty, 
relying on abduction, nonweight-bearing and manipulation to keep the 


1912 ARCHIVES OF SURGERY 


deformity from increasing. If this fails, then 


3rackett’s operation 
would seem to be the method of choice, for it gives less shortening and 


replaces the weight-bearing lines better than subtrochanteric osteotomy 
or Lorenz’ operation. Osteotomy through the neck of the femur is 
inadvisable because of the danger of nonunion. 


REPORT OF CASES 


Case 1—R. L., a boy, aged 10, at the time of first admission, entered the 


hospital on Aug. 25, 1927, complaining of pain and stiffness in the right hip. The 
family and past histories were essentially negative. Since the age of 2, the child 
had had intermittent pain and stiffness in the right hip accompanied by a limp. 


Occasionally the child was confined to bed because of the pain. For three days 








= 








Fig. 1 (case 1).—The condition of the hip on Aug. 25, 1927. 


before admission the pain in the hip had been severe. 


He had no treatment pre- 
vious to the time he entered the hospital. 


Results of physical examination were negative except for the local condition. 
All motions of the right leg were limited by spasm of the muscles about the hip. 
The right leg was 1% inches shorter than the left. The child walked with a right 
short leg limp, tilting the pelvis to the opposite side. 


The Wassermann test was 
negative. An intradermal tuberculin test (1: 1,000) 


was positive. Roentgen 
examination revealed an apparent fissure through the neck of the femur with 
moderate coxa vara (fig. 1). 

Manipulation under ether failed to change the position of the neck, and so, on 
Sept. 16, 1927, with the patient under ether anesthesia a wedge osteotomy of the 
neck was done through a posterior (Ober) incision. 


The pathologic report on the 
fragments removed has already been given. 


The leg was immobilized in a plaster 
spica in full abduction. Convalescence was smooth, but the position of the proximal 
fragment was not entirely satisfactory. Traction and a second manipulation failed 
to change the position. After six months of immobilization, weight-bearing in an 


abduction splint was begun. At the present time the patient is on unrestricted 
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activity and has no pain or discomfort. Examination on Sept. 30, 1928, revealed 
the right leg to be 134 inches shorter than the left. No motion was demonstrable in 
the hip which was held in 30 degrees flexion. The child walked well, was free 
from pain, and his father considered him to be much improved. An x-ray picture 
showed the trochanter impinging on the ilium (fig. 2). The apparent ankylosis is 
due to this extra-articular bony contact, and a plastic operation by Brackett’s 
method seems to be indicated in this case. 


Case 2.—G. H., a boy, aged 2 years and 8 months, entered the hospital on 
Aug. 12, 1927. The family history was negative. The patient, of the eleventh 
pregnancy, was born at full term, with a normal delivery. A meningocele through 
a spina bifida was noticed at birth and was closed by a plastic operation at the 
Children’s Hospital when the patient was 6 weeks of age. Recovery was unevent- 
ful, and he was apparently entirely well until he began to walk, at the age of 15 

















Fig. 2 (case 1).—X-ray picture taken on Sept. 30, 1928. 


months. At that time, or shortly thereafter, his gait was noticed to be unsightly. 
The deformity continued to increase, without pain or discomfort, and he was 
brought to the hospital for study. Physical examination revealed nothing of note 
except a spina bifida and the local condition. 

The child stood with moderate lordosis, prominent abdomen and buttocks. The 
trochanters were prominent and above Nélaton’s line. Trendelenburg’s sign was 
positive bilaterally. The legs were of equal length, well developed and sym- 
metrical. Passive motions were normal except for limitation of internal rotation 
on both sides and limitation of abduction on the right. He walked with a waddling 
gait slightly resembling that of bilateral congenital dislocated hips. The Wasser- 
mann and tuberculin tests were negative. Roentgen examination revealed defective 
ossification of both femoral necks, which was more marked on the left. 

After manipulation under ether anesthesia in the direction of abduction, the 
legs were immobilized in a plaster spica for a period of ten weeks. Weight- 
bearing was begun shortly thereafter, and at the present time the patient is 
unrestricted in activity. When seen last, on Sept. 30, 1928, there had been little 
change in the condition. He complained of no discomfort. The coxa vara had 


4 


not increased. Figure 3 shows the x-ray picture at that time. 
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Case 3.—P. H., a girl, aged 4 years and 10 months, entered the hospital on 
Oct. 18, 1926. The family and past histories were negative. When the patient 
was 3% years of age, the mother first noticed a right leg limp. There was no 
history of trauma. The limp increased steadily, withoutepain, until shortly before 
entry when some discomfort was first noted. This increased steadily until at entry 
the child could scarcely bear weight on the right leg. 

Examination revealed shortening of the right leg amounting to three fourths of 
an inch with all motions of the right hip restricted to about 10 degrees by muscle 
spasm. The x-ray picture was typical of congenital coxa vara, showing the 
triangular piece of bone separate from the rest of the neck which is stressed by 
Fairbanks as being so characteristic (fig. 4). Treatment consisted in immobiliza- 
tion, with the leg in 10 degrees abduction, in a plaster spica for a period of six 
months. The child was then gradually allowed on her feet. She was last seen 
in the outpatient department on Aug. 10, 1928. She was having no pain or 
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Fig. 3 (case 2).—X-ray picture taken on Sept. 30, 1928. The picture is essen- 
tially the same as that at the time of entry. 








discomfort and walked almost perfectly with a one-fourth inch cork insert in the 
right heel. Abduction was limited to 15 degrees; the other motions of the hip 
were practically normal. There was a slight functional right total scoliosis. 
Figure 5 shows that ossification is progressing and that the defect is disappearing. 
This patient seems to be doing excellently under conservative treatment. 

Case 4.—L. D., a girl, aged 10 years, entered the ward for the first time on 
Jan. 4, 1927. The family history was negative. A clavicle was fractured at birth 
but healed without difficulty. The child began to walk at the age of 1 year, and 
shortly thereafter the mother noted a left leg limp. There was no history of 
trauma or pain. The mother brought the child to the outpatient department on 
June 11, 1919, when the patient was 2% years old. A diagnosis of “Rickets with 
coxa vara” was made, but no x-ray picture was taken. She was not seen again 
until Dec. 29, 1926, when she returned to the outpatient department. The mother 
stated that the limp improved after her first visit until December, 1925, when the 
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Fig. 4 (case 3).—X-ray picture taken on April 26, 1927. The triangular piece 
of bone, apparently separate from the neck, should be noted. 























Fig. 5 (case 3).—X-ray picture taken on May 11, 1928, showing ossification 
taking place. Compare with figure 4. 
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patient sustained a fall on the ice. She was kept in bed for one day. The left ieg 
limp increased steadily from that time on. The patient was admitted for study and 
treatment of a painless but unsightly limp. 

Physical examination revealed normal motion of the hips with the exception of 
slight limitation of abduction and lack of hyperextension of the left hip. The left 
leg was 1% inches shorter than the right. The tuberculin and Wassermann tests 
were negative. The x-ray picture showed an irregular bony defect extending 
through the neck of the left femur (fig. 6). Without the history of a limp begin- 
ning in infancy the history of trauma would suggest that this was a case of mal- 
united fracture of the femoral neck. As shown by René Bloch, however, fracture 
of the neck of femur during childhood is an extremely rare condition and requires 
crushing violence to produce it. In this case the trauma, imposed on a poorly 
ossified femoral neck, was apparently sufficient to cause an exacerbation of symptoms. 
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Fig. 6 (case 4).—Appearance of hips on Dec. 29, 1926. 


The leg was immobilized in a plaster spica in 25 degrees abduction for seven 
months. The x-ray picture taken at the end of that time showed that ossification 
was proceeding satisfactorily (fig. 7). The child is now on unrestricted activity. 
When last seen in the outpatient department in January, 1928, she had no symptoms 
except a slight limp, corrected almost completely by a raise on the left shoe. 
There was 2 inches of shortening of the left leg. 

Case 5.—M. L., a girl, aged 4 years, at the time of admission, entered the 
hospital on May 28, 1924. The family and past histories were negative. Since the 
patient began to walk at the age of 26 months, an abnormal waddling gait had 
been noticed. Physical examination on admission showed short arms and legs, 
lumbar lordosis, trochanters high, hips limited in abduction and a waddling gait. 
She was considered a dwarf, probably achondroplasic in type. During the follow- 
ing three years, between the ages of 4 and 7, she grew only 3 inches in height. 
Extensive laboratory study on several entries gave negative results. This included 
determination of blood calcium and phosphorus, basal metabolic rate and other tests. 
Roentgen study of the entire skeleton revealed no abnormalities except of the hips, 
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Fig. 7 (case 4).—The filling in of the bony defect after seven months’ immo- 


bilization; taken on Aug. 11, 1927. 




















Fig. 8 (case 5).—X-ray picture taken on Dec. 15, 1921, when the child was 27 
months old. Note that the center of ossification of the femoral heads, which 
normally appears at the end of the first year, is absent; also the nutritional dis- 
turbance lines at the distal end of the femoral diaphyses. 
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which showed the typical picture of congenital coxa vara. Figure 8 shows a plate 
of the pelvis taken at the age of 27 months. Figure 9 shows the condition of the 
hips at the present time, at the age of 8% years. In this case also the triangular 
piece of bone is present on the left but not on the right. Treatment so far has 
consisted in limitation of weight-bearing and a general hygienic regimen. 


CONCLUSIONS 

Congenital coxa vara is a distinct clinical entity which occurs with 
sufficient frequency to make its recognition in any diagnostic clinic a 
real necessity. 

The diagnosis rests on clinical and x-ray evidence and is com- 
paratively easy to make. A painless limp, either unilateral or bilateral 
occurring soon after the subject has begun to walk, is the usual his- 
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Fig. 9 (case 5).—X-ray. picture taken on Sept. 7, 1928. 


tory. Examination reveals the trochanter to be high; the leg is short, 
abduction is limited and piston mobility is absent. The x-ray picture 
shows a defect in ossification of the femoral neck resembling a fracture 
without displacement. 

The pathologic process is not entirely clear, but apparently there is 
a defect in ossification of the femoral neck with the inclusion of a disk 
of embryonic cartilage in normal bone. 

The condition in untreated patients runs a progressive course with 
increasing disability. Early treatment should consist in immobilization 
of the hip in full abduction. Later, if marked deformity occurs, a 


plastic operation after Brackett’s method seems to be the procedure 
of choice. 
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THE EFFECT OF SOME ANTISEPTICS ON 
TISSUES IN VITRO* 


WILLIAM J. GERMAN 


A great deal of work has been done within the last few years on 
the bactericidal effects of various antiseptics. A search of the litera- 
ture, however, reveals little regarding the effects of these substances 
on living tissue. The criterion by which the efficacy of an antiseptic 
may be judged is twofold. Its bactericidal effect should be high, and 
at the same time it should have no injurious effect on the tissues to 
which it is applied. It is obvious that substances which are’ general 
protoplasmic poisons cannot fulfil the requirements for a perfect anti- 
septic. Many of these, however, have been used and have undoubtedly 
played an important part as a cause of delay in the healing of wounds. 
The perfect antiseptic should therefore have a specific action on bacteria, 
and be capable of acting efficiently in the presence of serum. 

The purpose of the present work is merely to develop a method by 
which the action of antiseptics on living tissues may be conveniently 
studied, and to state the effects produced by some of the more commonly 
used antiseptics. In selecting the antiseptics to be tested, an attempt 
was made to choose only those which had been proved to be efficient 
germicides. 

Since its introduction by Grossich * in 1908, the use of iodine in the 
sterilization of the skin has been extremely popular. That the results 
obtained have not justified its popularity is clearly illustrated in 
Tinker’s * review of the subject, which shows the frequent presence of 
infection after the application of iodine. The average imcidence of 


bacterial growth after the use of iodine was 25 per cent for skin scrap- 
ings and 40 per cent for excised skin, indicating a low penetrative and 
also a low bactericidal power. 


The difficulty of determining the actual efficiency of antiseptics, 
when used on the skin, may be appreciated in the light of Tinker and 
Sutton’s * observation that skin scrapings from protected regions showed 
no bacterial growth in from 20 to 25 per cent of the cases tested, in the 
absence of any preparation. The same observers found that a simple 


*From the Department of Embryology, Carnegie Institution of Washington, 
and the Department of Plastic Surgery, Johns Hopkins Medical School, 
Baltimore. 

1. Grossich, A.: Eine neue Sterilizierungsmethode der Haut bei Operationen, 
Zentralbl. f. Chir. 45:1289, 1908. 

2. Tinker, M. B., and Sutton, H. B.: Inefficiency of Most of the Commonly 
Used Skin Antiseptics, J. A. M. A. 87:1347 (Oct. 23) 1926. 
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scrubbing with soap and water for two minutes reduced the percentage 
of growth to 70 per cent, while the usual surgical preparation with 
soap and water, ether, alcohol and 1:1,000 mercuric chloride resulted in 
growth in but 25 per cent. It is obvious, therefore, that any antiseptic 
giving an incidence of bacterial growth greater than 25 per cent could 
hardly be considered efficient. 

Churchman,* while studying the selective bacteriostatic action of 
gentian violet, found that most of the gram-positive organisms failed to 
grow in a medium containing a 1:100,000 concentration of the dye, 
while gram-negative organisms were usually not affected. In a later 
paper, Churchman * stated that acriflavine had an opposite selectivity, 
acting on the gram-negative organisms. A mixture of the two dyes 
appeared to be as efficient as either alone. 

Testing the antiseptic action of iodine, picric acid, Harrington’s 
solution, mercurochrome-220 soluble, acriflavine and acriviolet, on 
infected strips of rubber, Tinker and Sutton * found that the growth of 
all the organisms tested, except anthrax spores, was inhibited by 
acriflavine. All the other antiseptics showed a considerably higher 
percentage of bacterial growth. Furthermore, Browning and Gilmour ° 
have pointed out that the antiseptic action of acriflavine is enhanced by 
the presence of serum. Browning, Gulbransen and Thornton,’ however, 
found that two hours were required for sterilization of a very dilute 
suspension of Bacillus coli and Staphylococcus aureus in serum, by 


acriflavine 1:20,000. Using a more concentrated suspension of Staphy- 
lococcus aureus, Dakin and Dunham § found the lethal concentration of 
acriflavine to be between 1:3,000 and 1:10,000 in serum or blood, and 
that twenty-four hours were required for sterilization. It is obvious, 
therefore, that the antiseptic action of acriflavine is rather slow. 


The bactericidal action of potassium mercuric iodide was pointed 
out by MacFarlan,® who found that a concentration of 1:5,000 killed 


4. Churchman, J. W.: The Selective Bactericidal Action of Gentian Violet, 
J. Exper. Med. 16:221, 1912. 

5. Churchman, J. W.: Bacteriostasis by a Mixture of Dyes, J. Exper. Med. 
38:1, 1923. 

6. Browning, C. H., and Gilmour, W.: Bactericidal Action and Chemical 
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18:144, 1913. 

7. Browning, C. H.; Gulbransen, R., and Thornton, L. H.: Antiseptic 
Properties of Acriflavine and Proflavine, and Brilliant Green, Brit. M. J. 2:70, 
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8. Dakin, H. P., and Dunham, E. K.: The Relative Germicidal Efficiency of 


Antiseptics of the Chlorine Group and Acriflavine and Other Dyes, Brit. M. J. 
2:641, 1917. 


9. MacFarlan, D.: Notes on the Study of Potassium Mercuric Iodide, J. A. 
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B. coli in ten minutes, while 1: 1,000 was effective on Bacillus subtilis in 
twenty-four hours, and 1:500 on Staphylococcus in six hours. Wat- 
son *° found a dilution of 1: 80,000 efficient in killing Bacillus typhosus 
and Staphylococcus in twenty-four hours. A 1 per cent solution, how- 
ever, was found to be irritating to the skin, especially to the mucous 
membrane. 

Using a 2 per cent solution of mercurochrome in acetone and alco- 
hol, Scott and Hill ** were able to kill Staphylococcus aureus, Bacillus 
coli, and Bacillus proteus in one minute. In a later paper,’? they said 
they found that the same solution was bactericidal for vegetative 
Bacillus anthracis and Bacillus pyocyaneus in one minute. 

Picric acid has been used rather widely as an antiseptic for the skin, 
although the observations of Tinker and Sutton * would indicate it to 
be less effective than acriflavine or mercurochrome. 


In the present work, gentian violet, acriflavine, postassium mercuric 
iodide, mercurochrome and picric acid were selected for the determina- 
tion of their effect on living tissue. 


Regarding the effect of antiseptics on tissues, Russell ** showed 
that gentian violet was lethal to paramecia in concentrations greater 
than 1: 500,000, while the endothelium of adult frogs showed growth 
in concentrations up to 1:2,000. The epithelium and mesenchyme of 
embryonic frogs were able to grow in the presence of gentian violet 
1 : 4,000. 

Bond ** and Browning, Gulbransen and Thornton’ found that the 
phagocytic power of leukocytes was not destroyed by acriflavine 
1: 1,000. Scott and Hill** injected 20 minims (1.25 cc.) each of 3.5 
per cent iodine in alcohol, 1 per cent potassium mercuric iodide in ace- 
tone, 5 per cent picric acid in alcohol, and 2 per cent mercurochrome in 
acetone and alcohol, into the skin of rabbits and found that the areas 
receiving injections of the last mentioned solution always healed as 
soon and in many instances sooner that those given injections of the 
other preparations. 
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METHOD OF EXPERIMENT 


Tissue cultures of the skin of chicken embryos, from six to nine days old, were 
used to test the effect of the antiseptics on tissue. Bits of the embryonic skin were 
allowed to remain in various dilutions of the antiseptics for periods of one and five 
minutes. They were then washed in Locke’s solution and mounted in hanging drop 
preparations according to the method of Lewis and Lewis.15 The mediums used for 
the tissue cultures consisted of equal parts of coagulated chicken plasma, embryonic 
extract and Locke’s solution. The cultures were then placed in an incubator at 
37.5 C. and observed every day for five days. Control cultures of normal skin 
were made in each experiment. 

The criterion adopted for determining the viability of the cultures was the 
migration of the cells from the explant. 

The antiseptics were dissolved in Locke’s solution. The dilutions used were 
1:50, 1: 100, 1: 200, 1: 400, 1: 800 and 1:1,600 for mercurochrome, picric acid 
and potassium mercuric iodide; and 1: 400, 1: 800, 1: 1,600, 1: 3,200 and 1: 6,400 
for acriflavine and gentian violet. The solutions of the last two substances were 
more dilute on account of their relatively low solubility. 

The bacteriostatic effect of the same dilutions of these antiseptics was also 
determined for Streptococcus hemolyticus, Staphylococcus aureus and B. coli. In 
these determinations, small bits of muscle and fascia were used as a medium of 
transfer for the organisms, in an effort to simulate the conditions under which the 
antiseptics would be required to exert their effect in the sterilization of wounds. 
The bits of muscle and fascia were placed in pure undiluted broth cultures of the 
organisms and then transferred to the antiseptic solutions. After periods of one 
and five minutes they were removed and planted on agar plates, the tissue being 
allowed to remain on the surface of the agar. The bacteriostatic action of the 
antiseptic remaining on the tissue was thereby allowed to exert its effect. The 
plates were examined for growth at the end of twenty-four and forty-eight hours. 
Control cultures were made by transferring the organisms to agar plates in the 
same manner, but without previous immersion in the antiseptic solutions. The 
cultures were kept at 37.5 C. 

RESULTS 

All the normal tissue culture controls, numbering about fifty, 
showed definite migration of cells at the end of twenty-four hours. 
This continued throughout the period of observation, consisting of 
five days. The proliferation of the fibroblasts was most marked, but 
the epithelial cells showed some migration. In every case, the migra- 
tion of the cells in the control specimens was more extensive than in 
the cultures subjected to the antiseptic solutions. Many of the test cul- 
tures, however, showed definite migration of cells, although this was 
usually later in appearing than in the controls, being apparent only on 
the third day in the case of the cultures subjected to mercurochrome. 
Most of the cultures in which cell migration occurred showed the same 
cellular type of proliferation as that observed in the control cultures. 
Acriflavine, however, seemed to exert an inhibiting effect on the fibro- 
blasts, the epithelial proliferation appearing more distinct in this case. 


15. Lewis, M. R., and Lewis, W. H.: The Growth of Embryonic Chick Tissues 
in Artificial Media, Agar and Bouillon, Bull. Johns Hopkins Hosp. 22:126, 1911. 
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Gentian violet exhibited this effect, though to a lesser degree. This 
phenomenon was previously noted in the case of gentian violet by Rus- 
sell,’* who found that the endothelium of frogs grew better than fibro- 


blasts in the presence of this dye. In all, about ten cultures were made 


TaBLe 1.—Percentage of Cultures with Cell Migration in Five Antiseptic Solutions 


Potassium 


Gentian Acri- Mercuric Merecuro- Picric 
Time in Violet, flavine, lodide, chrome, Acid, 
Concentration Minutes per Cent per Cent per Cent per Cent per Cent 
1:50 l 0 0 50 
5 0 0 
1:100 1 sil os 0 0 25 
5 0 . © 
1:200 l 0 0 100 
5 0 0 
1:400 1 0 16 0 2 50 
a 0 20 0 0 
1:800 l 0 BO 0 25 73 
5 0 66 0 0 
1:1600 1 70 60 0 Oo 100 
5 50 5O 0 nw 
1:3200 l 80 100 
5 7D 60 
1:6400 1 SO) 100 
5 e 75 


TaBLe 2.—Percentage of Cultures with Growth in Antiseptic Solutions 


Genitan Acri- Potassium Mercuro- Picric 
Violet flavine Mercurie Iodide chrome Acid 
= * —_ pm — _ = “~ = p= ~ —, | ~~ = 
z n n n n nD 
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1:50 1 0 0 0 33 «= 33 0 100 100 = 33 
5 3 33 0 33 100 0 
1:100 0 0 0 100 100 66 100 1060 100 
) 5 66 33 33 100 «+100 
1:200 i 0 0 0 100 100 100 100 100 100 
5 cat 66 6 33 100 100 100 
1:400 l 66 100 100 23 33 100 6 33 33 100 100 100 100 100 100 
5 100 100 100 6+ 66 U6 ow idee, eae 66 66 100 100 100 100 
1:800 1 66 100 100 6 33 100 100 6 66 100 100 100 100 100 100 
5 100 100 100 66 «666 «O66 bay eae* tras 100 66 100 100 100 100 
1:1600 1 66 100 100 66 33 100 100 100 100 100 100 100 100 100 100 
5 100 100 100 66 66 100 he aes abe 100 66 100 100 100 100 
1:3200 100 100 100 100 66 100 
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1 
5 
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in each dilution of the antiseptics tested. The percentage of cultures 


showing cell migration in the various dilutions of the antiseptics is 
illustrated in table 1. 


The percentage of bacterial cultures showing growth is illustrated 
in table 2. 
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A comparison of these two tables reveals the fact that the only 
antiseptics exerting a bactericidal effect in dilutions compatible with 
tissue viability, according to this method, are gentian violet, picric acid 
and acriflavine. Of these, the last named is apparently by far the most 
selective in its action on bacteria. 

Since the efficiency of an antiseptic must be in direct proportion to 
its bacteriostatic effect and in inverse proportion to its harmful action 
on the tissues, it is possible to calculate, from the data at hand, the 
efficiency of the antiseptics used. In other words, the efficiency varies 
directly with the bacteriostatic effect and the viability, or lack of dam- 
age to the tissues. An ideal antiseptic, therefore, would have a bac- 
teriostatic effect of 100 per cent and a tissue viability of 100 per cent. 
The product of these two values would give an index of efficiency of 
one (1.00 & 1.00 = 1). Taking the average values, both in the case 
of the different bacteria and for the periods of one and five minutes, 


TABLE 3.—I/ndexes of Efficiency of Various Antiseptics 


Gentian Potassium Mercuro- 
Violet Acriflavine Mercurie Iodide chrome Picrie Acid 

1:50 ven ~_ 0 0 0.0975 
1:100 —_ hei 0 0 0.0132 
1:200 eee ae 0 0 0 
1:400 0 0.0684 0 0.0132 0 
1:800 0 0.1914 0 0.006 0 
1:1600 0.03 0.1540 0 0.0125 0 
1:3200 0 0.088 
1:6400 0 0.0435 


of the bacteriostatic and tissue viability functions of the antiseptics 
studied, the indexes of efficiency have been calculated and are shown in 
table 3. 

Obviously, this is a severe test for any antiseptic. Potassium mer- 
curic iodide, for instance, in spite of its apparently good bacteriostatic 
action, scored zero throughout because of the fact that the tissue cultures 
exposed to it showed no evidence of viability. Conversely, the index 
of efficiency of picric acid was low, in spite of relatively good tissue 
viability, since its bacteriostatic power appeared rather poor. On the 
other hand, acriflavine showed relatively good results, especially in 
dilutions of 1: 800 and 1: 1,600 owing to its fairly good bacteriostatic 
effect and tissue viability. 

The results shown in table 3, as a whole, were rather disappointing 
so far as the indication of an efficient antiseptic was concerned. How- 
ever, they serve to show how far from perfect are the antiseptics in 
use. 

Of course, before any final index of efficiency can be determined, 
the effects of the antiseptics on a great many more bacterial organisms 
must be investigated. Even then there can be only a rough estimate 
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of efficiency, since the variability of experimental results in this field is 
quite notorious. However, it is at least a gesture toward the preserva- 
tion of viability of tissues in the use of antiseptics. 


SUMMARY AND CONCLUSIONS 


1. A study of the effects of certain antiseptics on living tissues has 
been undertaken. The antiseptics used were gentian violet, acriflavine, 
potassium mercuric iodide, mercurochrome and picric acid. 


2. The effect of these antiseptics was determined on tissue cultures 
of the skin of embryonic chicks. Dilutions of the antiseptics of from 
1:50 to 1: 6,400 were used, the tissues being immersed in these for 
periods of one and five minutes. 


3. A parallel series of determinations was made on the effect of the 
same dilutions of the antiseptics on Staphylococcus aureus, Strepto- 
coccus hemolyticus and B. coli. 


4. From the data obtained in these two determinations, an index of 
efficiency was calculated for each dilution of the various antiseptics. 
This was derived by multiplying the bacteriostatic effect by the per- 
centage of viability of the tissue cultures. 

5. The highest values for tissue viability were obtained with acri- 
flavine. This antiseptic also showed the greatest bacteriostatic effect 
for high dilutions. For low dilutions, the highest bacteriostatic effect 


was obtained with potassium mercuric iodide, but this substance gave 
a tissue viability of zero throughout the determinations. 


6. Calculated on the basis of 1 for a perfect antiseptic, that is, 
having a bacteriocidal value and a tissue viability each of 100 per cent, 
the maximum indexes of efficiency for the different antiseptics tested 
were: gentian violet 0.03; acriflavine 0.1914; potassium mercuric 
iodide 0; mercurochrome 0.0132, and picric acid 0.0975. 


7. The highest efficiency of acriflavine was found in dilutions of 
from 1: 800 to 11,600. 























THE OPERATIVE MORTALITY IN A _ SERIES 
OF INTRACRANIAL TUMORS * 


LOUISE EISENHARDT 


It is the purpose of this paper to give the computed mortality per- 
centages for the operations on patients with intracranial tumors in 
the Peter Bent Brigham Hospital. In order to have information avail- 
able regarding the number of tumors of different kinds in different 
locations, special care has been taken for several years to keep track of 
the patients after they have passed through the clinic. Such detailed 
statistics as are needed from day to day can hardly be supplied by the 
record room of the hospital where the clinical histories are officially filed 
and indexed. The number of cases, as a matter of fact, has become so 
large that some such system is necessary if the figures are to be kept 
constantly up to date, because of the frequent changes in diagnosis as 
new information regarding obscure cases is obtained by secondary 
operations, here or elsewhere, or by postmortem examinations. 

As an aid in the interpretation of the first seven tables, a brief 
explanation of the terms customarily used in the primary subdivision 
of all cases referred to the hospital because of existent or assumed 
symptoms of tumor is given at the risk of repeating what may be 
generally known. 

Patients are classified as having verified tumors only when tissue 
has been submitted to a microscopic examination, whether obtained at 
operation or at autopsy, with the single exception that what were 
presumably gliomatous cysts were recorded in the past as verified, on 
the basis of the xanthochromic character of their fluid content.* 

The group of unverified tumors comprises the cases in which the 
clinical examination leaves no doubt as to the presence of a tumor. In 
many instances, indeed, the growth may actually have been exposed 
at operation, but for one reason or another no fragment has been 
removed for histologic verification, this sometimes being inadvisable, 
as in the case of tuberculomas, or foolhardy, as in the case of certain 
highly vascular lesions. Naturally, a considerable number of patients 
with unverified tumors are not operated on at all. This is true of 
lesions that are unquestionably multiple and metastatic, as well as of 


*From the Peter Bent Brigham Hospital, Boston. 

1. That this is not conclusive evidence of glioma has been pointed out by 
Cushing and Bailey in their monograph “Tumors Arising from the Blood Vessels 
of the Brain” (Baltimore, Charles C. Thomas, 1928), in which it has been made 
clear that xanthochromic fluid is no less characteristic of the cerebellar cysts with 
an angioblastic basis. 


TABLE 1.—Mortality Rate Between May 1, 1922, and May 1, 1923 


Number Patients Postop- Mortality of Operative 
of Operated Opera- erative Patients, Mortality, 
Diagnosis of Tumors Patients On tions Deaths per Cent per Cent 


104 et 130 22 23.4 16.9 
45 30 33 2 6.6 6.0 


149 124 163 24 19.3 14.7 


TABLE 2.—Mortality Rate Between May 1, 1923, and May 1, 1924 


Number Patients Postop- Mortality of Operative 
of Operated Opera- erative Patients, Mortality, 
Diagnosis of Tumors Patients On tions Deaths per Cent per Cent 
Verified... 156 149 190 26 18.6 13.7 
Unverified paalaeae 62 43 19 2 4.6 4.1 


ee 218 18: 239 28 15.3 ‘ 11.7 


TaBLe 3.—Mortality Rate Between May 1, 1924, and May 1, 1925 


Number Patients Postop- Mortality of Operative 

of Operated Opera- erative Patients, Mortality, 

Diagnosis of Tumors Patients On tions Deaths per Cent per Cent 
lS P 37 113 142 21 18.5 14.7 
Unverified 55 28 29 2 7.1 6.9 


Total..... 192 141 171 23 16.3 13.4 


“> 


TABLE 4.—Mortality Rate Between May 1, 1925, and May 1, 1926 





Number Patients Postop- Mortality of Operative 
of Operated Opera- erative Patients, Mortality, 
Diagnosis of Tumors Patients On tions Deaths per Cent per Cent 
Verified......... f 133 172 25 18.8 14.5 
Unverified.. 3 32 : l ; 2.9 
Total 2 165 206 26 12.6 


TaBLe 5.—Mortality Rate Between May 1, 1926, and May 1, 1927 


Number Patients Postop- Mortality of Operative 

of Operated Opera- erative Patients, Mortality, 

Diagnosis of Tumors Patients On tions Deaths per Cent per Cent 
Verified 184 161 217 24 14.9 11.0 
Unverified 72 41 45 0 0.0 0.0 


Total 256 202 262 24 11.8 


9.1 


TaBL_eE 6.—Mortality Rate Between May 1, 1927, and May 1, 1928 





Number Patients Postop- Mortality of Operative 
of Operated Opera- erative Patients, Mortality, 
Diagnosis of Tumors Patients On tions Deaths per Cent per Cent 
185 149 183 3 18.7 15.3 
74 32 33 3.1 2.6 
259 21 16.0 13.1 


TABLE 7.—Mortality Rate Between May 1, 1928, and Jan. 1, 1929 





Number Patients Postop- Mortality of Operative 
of Operated Opera- erative Patients, Mortality, 
Diagnosis of Tumors Patients On tions Deaths per Cent per Cent 
Verified 2 111 144 14.4 11.1 
Unverified 2 16 0.0 0.0 
Total 127 12.6 97 
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equally unmistakable tumors that are stationary, such as some of the 
subcortical gliomas undergoing calcification or certain of the inacces- 
sible lesions of the craniopharyngeal pouch, which likewise may happen 
to be in a quiescent stage. 

The suspected cases of tumor, though they form a most interest- 
ing group, are not recorded in these tables since many of them repre- 
sent either patients who have been proved to have some disorder other 
than tumor or those in whom the diagnosis of tumor is open to reason- 
able doubt. Such conditions as aneurysm, abscess, chronic arachnoid- 
itis, cerebral syphilis and vascular lesions and other states often spoken 
of as “pseudotumor” fall in this group. In a considerable percentage 
of these cases, an exploratory operation has been required before a 
diagnosis of tumor could definitely be excluded, and though these 
operations may be hazardous, as in the case of aneurysm, for example, 
the mortality resulting from the procedures in the cases of suspected 
tumor has been so insignificant that this group has been omitted in 
order to simplify the present report. 

Under the caption “Operations” in the tables, all major procedures 
are included. These comprise: (1) explorations with partial or total 
extirpation of the tumor; (2) negative explorations with or without 
subsequent decompressive measures; (3) reelevations of bone flaps for 
postoperative complications, as well as (4) simple decompressions for 
the reduction of pressure symptoms as temporizing measures. The vari- 
ous punctures, lumbar, cisternal or ventricular, with or without the injec- 
tion of air for diagnostic purposes, even though these measures have a 
certain attendant mortality, have not been included. As a matter of 
fact, ventriculography, when resorted to in this clinic for localization 
of tumors, is usually immediately followed by operation, so that the 
consequences of the preliminary procedure become fused with those of 
the subsequent one. 

As will be seen, the number of operations exceeds the number of 
patients operated on, due in part to operations conducted in several 
stages, but more particularly to secondary procedures necessitated by 
a recurrence of symptoms. For example, a simple decompression after 
an interval may be followed by an osteoplastic exploration when local- 
izing symptoms have become more definite ; or an originally misdirected 
exploration may at a later time be succeeded by a secondary operation 
with exposure of the tumor and its partial or complete extirpation ; or 
a patient may be operated on over and over again for a slowly growing 
recurrent glioma in a favorable situation. 

Under the caption “Postoperative Deaths” are included all cases in 
which the patient died in the hospital, regardless of the time that had 
elapsed since the operation, and even though the fatality was definitely 
attributable to some cause other than the operation. However great 
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the temptation, an effort to divide the fatalities into those (1) obviously 
due to the operation, (2) remotely due to the operation and (3) inde- 
pendent of the operation would lead to confusion, to difference of 
opinion and to figures which for comparative purposes would be wholly 
unreliable. 

The total number of operations, namely, 1,426, included in the first 
seven tables representing the six and one-half years since May 1, 1922, 
is more than half the entire number of operations in the whole series 
covering a period of almost thirty years, 2,716 operations having been 
performed since the first recorded case. This shows the notable increase 
in the number of patients with intracranial tumor who at present seek 
surgical relief. This unquestionably has been due to many factors, the 
most significant of them doubtless based on the fact that craniocerebral 
operations have become so commonplace that they are no longer regarded 
by either physician or patient as the desperate performances they were 
heretofore thought to be. As was once true of the major neuralgias, 
patients with this intolerable malady having been more often referred 
to operating clinics by former patients than by their physicians, so today 
the dread of intracranial procedures has so diminished that many 
patients under the suspicion of having tumor are referred directly to 
neurosurgical clinics on the recommendation of former victims of 
similar disorders. 

The first six tables show that for the past six years there has been 
an average of 215 patients admitted or readmitted annually with tumor, 
verified or unverified, and that there has been about the same number 
of operations, 210 each year to be exact, or approximately eighteen 
operations a month, exclusive of those in the group in whom tumor was 
suspected. The tables also show a fairly steady annual increase * in the 
number of patients admitted, culminating in table 7 which gives the 
figures for the last eight months, that is, from May 1, 1928, to the 
date of the present writing. Indeed, it is often difficult to keep the num- 
ber of admissions within reasonable limits so that they will not be 
out of proportion to other cases in what is actually a general surgical 
clinic. In spite of this, there may be occasionally as many as forty or 
more old or new cases of tumor under observation at a single time in 
the wards of the hospital. 

The foregoing remarks are merely prefatory to the primary subject 
at hand, namely, a consideration of the mortality figures. These show, 
on the whole, a progressive tendency to improvement, notwithstanding 
the fact that, as years go on, more difficult and more radical operations 


2. The considerable diminution in the number of operations shown in table 
6 is accounted for by the absence of Dr. Cushing from the clinic for two months 
during that year. 
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are being performed than were undertaken previously. The figures in 
the first table showing a mortality of 19.3 per cent for all the patients 
studied, and an operative mortality of 14.7 per cent, may be contrasted 
with those in table 7, showing a total mortality of 12.6 per cent and 
an operative mortality of 9.7 per cent. The temporary significant rise 
in the mortality figures shown in table 6 may be attributed to the 
fact that, during the early part of the twelve months represented, a 
considerable number of patients with tumors previously regarded as 
inoperable, owing to their inaccessibility or excessive vascularity, were 


TABLE 8.—A Comparison of the Mortality Percentages for Verified and Unverified 
Tumors in the Johns Hopkins Hospital and oe —— Series 





Number Patients Postop- Mortality of Operative 


of Operated Opera- erative Patients, Mortality, 

Series Patients On tions Deaths per Cent per Oent 
Johns Hopkins Hospital......... 335 263 370 65 24.7 17.5 
Brigham Hospital.......... + eee 1,695 2,346 276 16.2 11.7 
Se ae ea er ae 2,390 1,958 2 2,716 341 17.4 12.5 


TaBLE 9.—Mortality Percentages in Cases of Verified Intracranial Tumor to 
Jan. 1, 1929 





Number Patients Postop- Operative 

of Operated Opera- erative Mortality, 

Diagnosis Patients On tions Deaths per Cent 
Gliomas (varia).. shin doe aeaeeees 690 624 946 184 19.4 
Adenomas (chiefly ‘pituitary).. savtesews 302 295 337 21 3.2 
nh ce- Sods panibek’s 44 00050die vaeteee 206 199 358 42 11.4 
WGUERRONRS CRGOTISIE oc. 00s occ cccccccesecccses 141 133 181 23 2.7 
Congenital tumors (chiefly aman — 99 ie! 145 18 12.4 
Metastatic and invasive tumors.. é 64 50 62 13 20.9 
Granulomatous tumors.................eeeeeee 46 37 45 13 es ~ 

I oS cn vc ca vs bes cdeenbarne ee 29 27 39 3 

aie 0's sno onahcs.0y 0c.0e Paces SeeREaee 11 9 19 3 157 7 
IIT). «5 5-« ch arees<5 cedeeceomakadee 54 45 68 8 11.7 
hatin satrensxebsenend1. dese aaaear en 1,42 1,513 2,210 328 14.8 








* This includes a number of tumors of uncertain histogenesis together with a group of 
eleven malignant sarcomas, not yet reported on, which have had a high mortality. 


readmitted and operated on by electrosurgical methods, the technic of 
which had not previously been fully developed. 

Naturally, many factors greatly influence the mortality percentages, 
not the least of which is the surgeon’s experience. In table 8 are 
shown, for purposes of comparison, the mortality figures for tumors 
in the Johns Hopkins Hospital series for approximately fifteen years 
to September, 1913, and the figures for the Peter Bent Brigham Hos- 
pital series for approximately the following fifteen years. In spite of 
the fact mentioned, that increasingly serious operations are being 
undertaken from year to year, step by step with the improvement in 
localization and increased knowledge of tumor histogenesis, the operative 
mortality has progressively diminished. 
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That the histologic nature of the tumor is another factor that has 
an important bearing is shown by table 9, in which are given the 
operative mortality figures for verified tumors only. In this table it 
will be seen that the highest mortality percentage is associated with the 
granulomatous tumors, this being due to the frequency with which 
tuberculous meningitis has followed, in the course of some weeks, the 
removal of a cerebellar tuberculoma. The lesions resulting in the next 
highest mortality are the metastatic tumors, a large number of the 
patients having subsequently died in the hospital at varying periods 
from an advance of their general disease. Next in order follow the 
gliomas, the acoustic tumors, the meningiomas, the cysts of the cranio- 
pharyngeal pouch and so on; finally, a marked drop in the mortality 
percentages occurs with the pituitary adenomas. 

That there has been a vast improvement even in respect to the mor- 
tality for tumors of these various histologic types is shown by table 10, 


TABLE 10.—A Comparison of the Mortality Percentages for Verified Tumors in 
the Johns Hopkins Hospital and Brigham Hospital Series 


Johns Hopkins Brigham Hospital 
Hospital Series Series 

| ae AS - — > —_~— = 
Number Operative Number Operative 
of Mortality, of Mortality, 
Diagnosis Patients per Cent Patients per Cent 

Gliomas (varia) 81 30.9 609 17.8 

Adenomas (chiefly pituitary) 31 3.5 5.3 
is caidas inatibettaree << wenakncdcvecsarkes 18 21.0 10.; 
Neurinomas (acoustic) 10 25.0 ‘ 11: 
Congenital tumors (chiefly craniopharyngeal).... 9 17.6 90 11.7 





in which the operative mortality for the tumors of the major groups in 
the early Johns Hopkins and the later Brigham Hospital series are 
contrasted. 

There are numerous other factors, apart from the surgeon’s experi- 
ence and the nature of the lesion with which he comes to deal, that 
definitely affect the operative mortality. Among these, perhaps the 
greatest emphasis may be laid on the importance of accurate pre- 
operative localizing diagnosis. There is a high mortality, for example, 
among cases of misdirected explorations. This is particularly evident, 
as Lehmann has pointed out in a study of the cases of subtentorial 
tumor observed in this clinic? in those cases in which suboccipital 
explorations were performed for tumors which actually lay above the 
tentorium. 

Unfortunately for purposes of comparison, the recent literature 
contains only a few reports in which the mortality figures of a series 


3. Lehmann, W.: Zur Frage der Operationsmortalitat bei subtentorialen 
Tumoren, Arch. f. klin. Chir. 143:552, 1926. 
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of operations for intracranial tumors have been given. Sachs * 
recorded 29 deaths (35.5 per cent) in a series of eighty-five cases, 
pointing out that the gliomas carry the highest percentage. Eiselsberg,° 
in giving the results of operations for tumors grouped according to 
their location, used as a basis for calculation of postoperative fatality 
a limit of four weeks; on this basis many of the cases recorded in the 
present series as fatalities would be excluded. He recorded 63 deaths 
(39 per cent) in 161 operations for cerebral tumors ; 9 deaths (23.6 per 
cent) in 38 operations for pituitary tumors; 47 deaths (53.3 per cent) 
in 88 operations for cerebellar tumors, and 35 deaths (76 per cent) in 
46 operations for cerebellopontile tumors. This gives an operative 
mortality of 46 per cent for the entire series. 

Unquestionably the situation of the tumor has a great deal to do 
with the attendant risks, a suboccipital procedure in the long run being 
regarded by many as more dangerous than an operation for a lesion 
above the tentorium, yet Lehmann,’ in a study of the fatalities follow- 
ing cerebellar explorations performed in the clinic of the Peter Bent 
Brigham Hospital, reported an operative mortality of 16.3 per cent for 
the 544 suboccipital operations in 433 cases; his figures, to be sure, 
included operations for suspected tumor as well as for actual tumor, 
whether verified or unverified. 

For purposes of comparison with the figures herein given, the recent 
reports by Olivecrona and by Dowman and Smith are more suitable, 
since these authors have paid this clinic the compliment of employing 
its general method of classification. Olivecrona,* in his comprehensive 
monograph dealing with a series of eighty-five cases, in which 112 
operations were performed, gave a total mortality of 40 per cent and 
an operative mortality of 30 per cent. All fatalities, from whatever 
cause, which occurred while the patients were still in the hospital were 
recorded as postoperative, regardless of the interval of time involved. 
Dowman and Smith’ restricted their. report to a review of 100 
consecutive cases of tumors actually verified, in ninety-five of which the 
patients were operated on, 142 operations being performed. There 
were twenty-six deaths within the first twenty-four hours, and seventy- 
one deaths in the whole series, though it was not stated how long after 
operation the other fatalities occurred or whether the patients were still 
in the hospital. 


4. Sachs, E.: A Review of Eight Years’ Experience with Brain Tumors, 
Arch. Surg. 1:74 (July) 1920. 

5. Eiselsberg, A.: Probleme der Gehirn- und Riickenmarks-chirurgie, Arch. 
f. klin. Chir. 142:203, 1926. 

6. Olivecrona, H.: Die chirurgische Behandlung der Gehirntumoren, Berlin, 
Julius Springer, 1927. 

7. Dowman, C., and Smith, W.: Intracranial Tumors: a Review of One 
Hundred Verified Cases, Tr. South. Surg. & Gynec. A. 40:308, 1927. 
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In comparing the results of operations for intracranial tumors as 
reported from different hospitals, many elements, of course, must be 
taken into consideration. The general run of cases of tumor in some 
clinics may have a much more advanced syndrome than in the com- 
munity where the present cases were observed, in which the local prac- 
titioners, at least, are apt to send patients in whom tumor is suspected 
to the hospital at an early date. There still are numerous patients, 
to be sure, who are sent from a distance, and, indeed, from the neigh- 
borhood, in the last stages of compression, with a choked disk that has 
gone on to blindness. The percentage of patients admitted who are 
near death, however, is unquestionably smaller than it was a decade or 
two ago. The fact that in the series of cases under discussion the 
mortality figures in the early years was far higher than at present has 
already been emphasized. 

That the goal of an operative mortality of 10 per cent has been 
approximated during the last eight months of observation may be 
gathered from table 7. . These comparatively low figures are due in 
large part to the extreme precautions taken against accident. Rarely 
is more than one major operation for tumor scheduled for one day. 
Most of the operations are carried through under local anesthesia, and 
all are started in this way. Patients who have been subjected to a 
craniotomy are not moved from the operating suite until the danger of 
the formation of a postoperative extradural clot has passed. After 
critical cerebellar operations, particularly if inhalation narcosis has been 
necessitated, the patients are usually left on the table for several hours 
until they have fully recovered, and they are often kept in the operating 
suite for a number of days. Those with deglutitory difficulties must 


often be fed through the nares for prolonged periods. For charity 


patients who are in a critical condition, from this or some other cause, 
special nurses are provided and paid for out of a fund donated for the 
purpose. 

It is not my object in this paper to go into the causes of death. 
Olivecrona ® has fully considered this phase of the subject, and our 
experience largely coincides with his. It may be said that infections 
are almost unknown, and that a death on the operating table is exceed- 
ingly rare. When it occurs, it is usually due to some condition that in 
retrospect might be seen to have been avoidable. Owing to the extreme 
care in the separate closure of the galea, there has been no example of 
postoperative fungus cerebri during the time that the present records 
have been kept. The more frequent causes of obvious postoperative 
fatalities have been from advancing pressure when no tumor has been 
found; or from a rapid recurrence of symptoms after cerebral edema; 
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from hyperthermia, particularly in young children with marked secon- 
dary hydrocephalus ; and from an occasionally overlooked postoperative 
hematoma. 


The mortality figures are chiefly affected by the fact that patients 
with recurring tumors, like those with some of the unfavorable gliomas, 
may be operated on over and over again, some of them for a period of 
many years with an almost inevitable ultimate postoperative fatality. 
The list of unverified tumors would be much larger than it is were it 


not that every effort is made to keep in touch with patients and their 
physicians so that the lesions may eventually be verified. One particular 
reason why tumors which have not been verified surgically show as 
high a mortality as they do is that the period of hospitalization of 
patients approaching death may be greatly prolonged in the expectation 
of determining the nature of the lesion. Records of the pathologic 
department show that the percentage of patients who are subjected to 
postmortem study is much higher on the neurosurgical service than in 
other departments of the hospital, which merely indicates the effort 
made in this direction. 
Dr. Cushing said in his Cameron Lectures :* 


The results of a series of operations for a given lesion in a given situation 
provide a score for the surgeon to play against; and an audience north of the 
Tweed need not be reminded of the importance of this as an incentive in improving 
one’s game. Only by a carefully checked and posted score, such as is now 
available both for the acoustic tumours and for the pituitary adenomas, can a 
tentative “par” for the procedure in question be established. So we are constantly 
striving to better our record on the double basis of lower mortality percentages 
and of longer and more livable survival periods in the case of the more rapidly- 
growing tumours. A neurosurgeon’s responsibilities would be insufferable if 
he did not feel that his knowledge of an intricate subject was constantly growing— 
that his game was improving. 


8. Cushing, H.: Intracranial Tumours and the Surgeon, Lancet 209:956, 1925. 





OBSERVATIONS ON THE LOCALIZATION OF INTRA- 
CRANIAL TUMORS 


THE DISCLOSURE OF LOCALIZING SIGNS FOLLOWING 
DECOMPRESSION OR VENTRICULOGRAPHY * 


HUGH CAIRNS 


No one can have experience of intracranial surgery without 
perceiving how difficult it may be to localize an_ intracranial 
tumor, and how frequently operation is performed without the tumor 
being found. The object of this paper is to show that surgical inter- 
vention which falls short of removal of the tumor may so alter the 
signs and symptoms of the tumor as to enable a more accurate local- 
ization of its position to be made. Changes of a similar nature some- 
times occur in cases of tumor of the spinal cord after lumbar puncture 
has been performed. These are easy to interpret and may therefore be 
conveniently considered before the more complicated changes that attend 
surgical intervention in cases of intracranial tumor. 


THE EFFECT OF LUMBAR PUNCTURE IN TUMORS OF THE 
SPINAL CORD 


It is well known that withdrawal of cerebrospinal fluid by lumbar 
puncture may aggravate the signs and symptoms of a tumor of the 
spinal cord. The example may be quoted of an elderly lady who 
was carried into the Peter Bent Brigham Hospital suffering from 
paralysis of both legs. For the previous seven months she had com- 
plained of increasing weakness of the right leg, but she had been able 
to walk without assistance until one week before admission when, 
following a lumbar puncture, her legs became completely paralyzed. At 
operation, Dr. Cushing removed an intradural meningioma from along- 
side the midthoracic spinal cord and the patient made a complete 
recovery. 

There is little doubt that in this case the withdrawal of cerebro- 
spinal fluid by lumbar puncture was directly responsible for the great 
increase of physical signs, thus converting an uncertain clinical picture 
into one of obvious tumor of the spinal cord. Presumably the with- 
drawal of spinal fluid so altered the position of the tumor as to produce 
a greater degree of pressure on the spinal cord, or on its blood supply, 
with resulting loss of function. 

It is thus seen that lumbar puncture, which might be termed a 
“minor injury” of the nervous system, is of value in diagnosis of 


*From the Surgical Service of the Peter Bent Brigham Hospital. 
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tumors of the spinal cord, not only because it frequently reveals char- 
acteristic changes in the spinal fluid, but also because it may so aggravate 
the preexisting signs and symptoms as to produce a clinical picture which 
is easily recognized as one pertaining to tumor. The changes which fol- 
low lumbar puncture may be much less prominent than those which 
occurred in the case of the old lady, and it is therefore impor- 
tant that after lumbar puncture in cases of suspected tumor of the 
spinal cord one should deliberately repeat the neurologic examination, in 
order to search for an extension of the physical signs. Increase in the 
signs may be taken as evidence of the presence of a tumor. 

Observations of this nature have been made by numerous workers in 
the past, notably by Elsberg.t. That analogous changes may be observed 
in cases of intracranial tumor does not appear to have been so generally 
recognized, yet it is clear from the examples presently to be described 
that such changes do occur and that they may become a vital factor in 
the successful conduct of any one case. 

What forms of injury are likely to aggravate the signs and symp- 
toms of an intracranial tumor? Withdrawal of cerebrospinal fluid by 
lumbar puncture will frequently do so, but to such extent that it may 
produce sudden death, and for this reason lumbar puncture is held to be 
dangerous in all cases of suspected intracranial tumor that show signs 
of hydrocephalus. The mechanism of herniation of the cerebellar 
tonsils and medulla oblongata through the foramen magnum, which is 
responsible for the fatalities after lumbar puncture. is well known, and 
therefore need not be elaborated here. The surgical procedure which 
more commonly than all others is seen to aggravate the signs of intra- 
cranial tumor is an osteoplastic exploration that fails to disclose the 
tumor. This is known in neurosurgical parlance as “the negative 
exploration.” 

THE NEGATIVE INTRACRANIAL EXPLORATION 


When one considers that an expert neurologist after most thorough 
clinical examination may be unable to make an accurate diagnosis of the 
situation of an intracranial tumor, and that many parts of the brain are 
difficult of access, it is indeed not surprising that intracranial tumors 
are often difficult to find at operation, the more so as only a limited 
portion of the surface of the brain can be exposed at a single exploratory 
operation and the presence of a deep-seated tumor may be easily over- 
looked. The advent of ventriculography has provided an additional 
diagnostic weapon of great importance, yet this procedure is not so free 
from danger that it can ever supersede the exhaustive clinical investi- 
gations on which efforts to localize intracranial tumors have hitherto 


1. Elsberg, C. A.: Tumors of the Spinal Cord, New York, Paul B. Hoeber, 
1925, p. 255. 
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been based, and there are many cases of unlocalized tumor associated 
with secondary hydrocephalus in which its use is definitely contra- 
indicated. In such cases the method of ventricular estimation may be 
used as an aid to diagnosis, but it not infrequently happens that a 
fairly confident opinion as to the situation of the tumor is formed on 
the history and physical signs alone, and the surgeon, without resorting 
to ventricular estimation, explores part of the brain by turning down an 
osteoplastic flap, and fails to find the tumor. He may then seek to 
reduce the raised intracranial pressure by leaving a decompression, and 
in this way many patients with intracranial tumors are temporarily 
relieved of their symptoms even though the tumor has not been removed. 
Experience teaches, however, that certain patients become definitely 
worse. This change for the worse that may follow a negative explora- 
tion and decompression has in the past played havoc with the peace of 
mind of pioneers in brain surgery, and a surgeon of experience has 
confessed to me that whenever he performed a craniotomy without 
discovering the tumor, he dreaded to approach the bedside on the fol- 
lowing day for fear of finding that his patient had become afflicted with 
hemiplegia, aphasia or some other symptom that was not present before 
operation. 

While in the past this aggravation of symptoms after a negative 
exploration and decompression was frequently due to gross injury of 
the brain at the time of operation, or to the formation of a postoperative 
clot, there is now, thanks largely to the work of Dr. Cushing, an 
operative technic so delicate that injury of the brain at operation can 
be avoided by all those who have the patience to master and employ 
the appropriate methods. If one may assume that the brain has been 
treated with proper gentleness at operation and that the operative field 
has been left dry, it is almost certain that any new signs and symptoms 
that make their appearance after operation must be due to alteration in 
the position or size of the tumor, occasioned by release of pressure in 
one part of the intracranial chamber. This obvious inference and all 
that it implies does not appear to have received in the past the attention 
that it deserves. Its importance was impressed on me by several cases 
that I saw during a year’s experience as assistant resident surgeon to 
Professor Cushing, and particularly by the following case. 


Case 1.—Glioma (astrocytoma) of the left temporal lobe. First operation: 
Negative exploration of the left occipital lobe. Alteration of the physical signs. 
Second operation: Subtotal removal of the tumor. Recovery? 


2. I desire to thank Dr. Cushing for permission to report these cases. It is 
scarcely necessary for me to point out that, while I must shoulder the responsibility 
for any conclusions that have been reached, the central idea of this paper arose 
from observing him at work in case 1. 
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Clinical History—Miss Z., aged 20, referred by Dr. Marvin L. Graves of 
Houston, Texas, was admitted to the hospital on Nov. 22, 1926 

Her illness had begun nearly six years before with fleeting attacks of numbness 
of the right side of the body. These attacks were followed by “fainting spells” 
and, within a year, by generalized convulsions. After each convulsion she would 
have violent headache, mostly occipital, and vomiting for two to three days. 

For eight months she had noticed that she could not see to the right, and had 
experienced a fecling of eye-strain and occasional diplopia. In addition, there 
had been some unsteadiness in walking and difficulty in swallowing; also some loss 
of memory. 

Examination—Examination showed bilateral papilledema with considerable 
secondary optic atrophy. There were signs suggesting cerebellar disturbance, 
namely, nystagmus, generalized hypotonia and ataxia, and staggering gait. But 
investigation of the visual fields showed complete right homonymous hemianopsia. 
There was also diminished sensation to pin-prick on the right half of the body. 
Spontaneous speech was normal, but there was slight difficulty in naming objects. 
The patient’s speech, however, was examined by several observers and it was finally 
concluded that this questionable anomia was not significant. 

Diagnosis—The main signs were right homonymous hemianopsia, signs of 
cerebellar disorder and papilledema. The diagnosis thus lay between tumor of the 
left temporal and left occipital lobes. Looking back, it is difficult now to see how 
a mistake was made, but at the time the right-sided analgesia was disregarded 
and it was considered that absence of muscular weakness and of definite aphasia 
favored an occipital location. Occipital tumors and the cerebellar signs produced 
by them were being made the subject of special study at the time, and doubtless 
this weighed unduly in the decision to explore the occipital lobe. 

First Operation—Nov. 26, 1926: Dr. Cushing reflected an osteoplastic flap 
to expose the left occipital lobe. The brain protruded and everywhere showed 
flattening of the convolutions, but there was no sign of tumor. The left lateral 
ventricle was tapped and appeared to be displaced medially. In closing the wound 
it was necessary to sacrifice the bone of the flap. 


Postoperative Course. 





During convalescence the patient became obviously 
dysphasic and also showed marked weakness and spasticity of the right arm and 
leg, together with impairment of postural sensibility on the right side. These 
further signs considered in conjunction with the right homonymous hemianopsia 
left no doubt that the tumor was actually situated in the left temporal lobe. 

Second Operation—Jan. 6, 1927: Dr. Cushing turned down an osteoplastic 
flap over the middle portion of the left cerebral hemisphere, using the anterior 
limb of the former occipital exploration as the posterior limb of this new flap. 
In the cortex of the temporal lobe, and only 2 cm. in front of the area which 
had been explored at the previous operation, lay a large, soft avascular tumor. 
Tumor-tissue up to the size of a hen’s egg was removed, mainly by suction. In 
closing the wound, it was again necessary to sacrifice the bone of the flap. 

Subsequent Course ——After operation vision and speech improved, the headaches 
disappeared and the attacks of unconsciousness became less frequent. On dis- 
charge from the hospital, however, the patient still had some motor weakness and 
sensory loss over the right half of the body, also some difficulty in naming objects. 
The visual fields had not changed. 


Comment.—The importance of this case to the present thesis lies in 
the great increase of physical signs which followed exploration and 
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decompression of the occipital region. A questionable difficulty in 
naming objects was converted into an obvious dysphasia. Paresis and 
disturbance of postural sensibility of the right side appeared as new 
signs. From knowledge of the localization of cerebral function, it is 
obvious that none of these signs could possibly have been due to local 
disturbance of the occipital lobe at or after operation, and the reasonable 
inference was that they were attributable to a tumor of the left temporal 
lobe which, as a result of the occipital decompression, had become 
altered in size or in its relation to the left cerebral hemisphere. The 
change is represented diagrammatically in the illustration. It is possible 
that withdrawal of fluid from the occipital horn of the left- ventricle 
during the course of the first operation also played some part in the 
production of the fresh signs. 











In A is shown the probable condition of affairs before operation. The presence 
of the tumor results in displacement of the falx cerebri to the opposite side. When 
the occipital decompression has been made (B) the occipital lobe bulges through 
the decompression. Owing to relief of pressure the falx tends to become straight. 


In addition the tumor is probably displaced backward. C shows the site of sub- 
sequent decompression. 


What happened in this case may occur in other cases in which 
craniotomy has failed to disclose a tumor. After such an operation 
signs hitherto latent may declare themselves, and it is thus not infre- 
quently possible to make a further and more accurate localization of the 
tumor and to repair the original mistake in diagnosis by a second opera- 
tion. Recognition of this principle has not been sufficiently stressed 
in the past and doubtless in many cases its working has been overlooked 
because of a tendency to cease making neurologic examinations once 
operation has been performed. In many cases the changes are so slight 
as to be detected only by thorough examination. In other cases the 
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changes are more severe than in the foregoing case. The fatal hyper- 
thermia which is so liable to follow in the wake of simple decompression- 
operations for tumors of the brain stem, such as pineal tumors,®? and 
suprasellar cysts or adamantinomas,* is probably due to a shift in the 
position of the tumor in its relation to the vegetative centers of the 
hypothalamus. At present, however, too little is known of temperature 
control in man to render elaboration of this idea of any value. 


It is clear that the possible effect of a shift of the tumor should 
always be considered when simple decompression operations are per- 
formed. When an osteoplastic exploration has been carried out and 
the tumor has not been found, there should not be any relaxation of 
clinical observation. Almost at once neurologic examination may reveal 
further signs which indicate unmistakably where the tumor lies, and 
the way will be open to retrieve the life and preserve the well-being of 
the patient by removal of the tumor at a second operation. 


VENTRICULAR PUNCTURE AND VENTRICULOGRAPHY 
The following case is one of several in which fresh signs and 
symptoms appeared after replacement of the fluid of one lateral ventricle 
by air. 


Case 2.—Left frontal glioma. Ventriculography. Alteration of the physical 
signs. Operation: Left frontal osteoplastic exploration, subtotal removal of 
tumor. Recovery. 

Clinical History—Mrs. M., aged 45, referred by Dr. L. G. Rice of Albu- 
querque, N. M., was admitted to the hospital on April 4, 1927. Her ill- 
ness began fifteen months before admission with loss of energy and _ initiative. 
Nine months before admission, she began to suffer from headaches in the occiput 
and back of the neck. At this period her left leg began to drag while she walked, 
and at times it would give way and she would fall. After a vacation in August, 1926, 
she became much better and remained well, except for an occasional slight head- 
ache until February, 1927, when, six weeks before admission, the headaches and 
weakness of the left leg returned. The leg was so weak that she was unable to 
stand. Her left hand also became weak and in it she began to have attacks 
of numbness which lasted five minutes. Her speech became slow and she had 
difficulty in remembering the names of her friends. Her memory had been failing 
for about four months before admission. She was right-handed. 


Examination.—The patient showed entire lack of anxiety about her condition, 
and was at times euphoric and subject to outbursts of excessive laughing. There 
was occasional incontinence of. urine and feces. Bilateral papilledema was present. 
There was slight weakness, slight ataxia and dysmetria of the left arm and leg, 
and inability to stand. The left abdominal reflexes were absent. There was 
bilateral extensor plantar response. 


3. Horrax, G., and Bailey, P.: Tumors of the Pineal Body, Arch. Neurol. 
& Psychiat. 13:423 (April) 1925. 


4. Critchley, M., and Ironside, R. N.: The Pituitary Adamantinomata, Brain 
49: 437, 1926. 
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The case thus appeared to be one of tumor of the right frontal lobe, but some 
doubt was felt about this in view of the fact that the sense of smell was impaired 
on the left side. Further examination also showed occasional weakness of the 
right side of the face. It was therefore decided to do ventriculography. 

V entriculography.—tThe left lateral ventricle was tapped through the posterior 
parietal region, and 10 cc. of fluid was withdrawn and replaced by a similar amount 
of air. 

Thirty minutes after the air was injected, while the ventriculograms were being 
developed, the right arm became extremely weak. There was also distinct weak- 
ness of the right side of the face, and speech became slurred. 

The ventriculograms confirmed these recent clinical signs in showing a defect 
in the anterior horn of the left lateral ventricle. 


Operation and Subsequent Course—Accordingly, on the day after ventriculog- 
raphy, the left frontal lobe instead of the right frontal lobe was explored. A 
tumor was found at the anterior pole of the left frontal lobe. Over its surface 
was spread a delicate film of recent blood clot. The tumor, a glioma, was almost 
completely removed and the patient did well. Her mentality became normal and 


she was able to walk well before her discharge from the hospital about three weeks 
after operation. 


Comment.—This case affords a good illustration of the way in which 
a tumor of one frontal lobe may simulate a tumor of the opposite lobe, 
but here it is only necessary to consider the alteration of physical signs 
that followed ventriculography and the manner in which it was produced 
In this connection it is important to note that a thin film of blood clot was 
found on the surface of the tumor at operation. This clot was red, 


easily detached, and therefore evidently recent. There was, however, 
no reason to suppose that the clot was the result of hemorrhage during 
the course of the operation, for there was no injury of the dura during 
the preparation and reflection of the osteoplastic flap and the early 
stages of the operation were without incident. As soon as the flap 
was raised, the clot was visible through the dura mater as a circular 
bluish red area. In view of these observations it is probable that the 
clot was produced at the time of the ventriculography on the previous 
day. Withdrawal of fluid from the left lateral ventricle prior to the 
injection of air would tend to cause separation of the frontal lobe from 
the overlying dura mater and may thus have resulted in rupture of 
some delicate vessel passing between the dura mater and the surface of 
the tumor. It is always noticeable at operations that the anterior pole 
of the frontal lobe, more than any other part of the brain, tends to 
fall away from the overlying dura mater when the corresponding lateral 
ventricle is tapped. : 

As the air was injected into the left lateral ventricle by passage of 
a brain-needle through the left parietal region, it is necessary to enquire 
whether the weakness of the right arm and face and the slurring of 
speech which followed within thirty minutes of ventriculography may 
not have been due to disturbance at the site of tapping in the left 
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parietal lobe. There are no direct observations on this question, since 
neither the site of puncture nor the track of the brain-needle was 
inspected at the subsequent operation. In a personal experience of 
ventriculography performed through the parietal region, I have met 
with no other case that was followed by symptoms which could be 
referred to the site of brain puncture, but Dr. John Fulton, recently 
associated with Dr. Cushing, has related to me a case in which such 
symptoms occurred. In his case, however, the symptoms were not 
motor in character as in case 2, but consisted of numbness and tingling 
in the opposite hand which came on at the moment when the needle was 
being passed through the parietal lobe. In the case under discussion, it 
seems more reasonable to attribute the symptoms that appeared after 
ventriculography to disturbance of the tumor itself. And the blood clot 
which was found at operation on the surface of the tumor probably 
represents part at least of the disturbance. 

The successful diagnosis and, depending so largely on the diagnosis, 
the successful outcome of this confusing case are to be attributed 
primarily to information furnished by the ventriculograms, yet interpre- 
tation of these was difficult and valuable evidence was obtained from 
neurologic examination of the patient after the injection of air. Ven- 
triculography intensified the clinical picture so that what had hitherto 
been nebulous in the light of current neurologic knowledge now became 
clear. 

THE MISUSE OF VENTRICULOGRAPHY 

It is scarcely necessary to point out that provocation of an intra- 
cranial tumor by ventriculography is not a thing to be desired or 
deliberately sought after. The degree to which the signs and symptoms 
may be aggravated by injection of air cannot be accurately predicted 
or controlled, and a certain number of fatalities will inevitably occur if 
air is used in cases in which there is a severe rise of intracranial pres- 
sure, that is to say, in cases in which there is a high degree of papille- 
dema, stupor or intense headaches and vomiting. There are, however, a 
number of other cases in which the rise of pressure is of but slight or 
moderate degree; in these cases ventriculography is clearly indicated, 
because no exact localization of the tumor can be made by clinical 
means, and the danger of failing vision precludes any delay. The fact 
that in such cases as these the symptoms may be aggravated or altered 
by injection of air is a clear indication that there should be as little 
delay as possible between ventriculography and removal of the tumor. 
The experience in case 2 shows that the disturbance occasioned by 
ventriculography may take effect quickly after the injection of air. In 
another communication,’ I have reported a case of hydatid cyst of the 


5. Cairns, H.: A Study of Intracranial Surgery, Medical Research Council, 
Special Report Series, no. 125, London, 1928, p. 43. 
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right occipital lobe in which, during the four days that followed 
ventriculography, the patient sank insidiously into a state of coma, from 
which he was rescued only by the most urgent measures. The literature 
now contains a number of records of cases of intracranial tumor in 
which the patient died a few days after ventriculography, though the 
relationship of injection of air to the aggravation of the patient’s symp- 
toms is not often commented on in the case reports. 

Withdrawal of the air after the roentgenograms have been taken will 
mitigate to some extent the danger of ventriculography, but too much 
stress cannot be laid on the fact that ventriculography should be followed 
with all possible speed by removal of the tumor at operation. The 
use of ventriculography by any one who is not prepared to proceed, 
at once if necessary, with the surgical removal of the tumor is fraught 
with grave risks and can only bring discredit to a method which when 
properly used is a valuable adjunct to clinical investigation. 


CONCLUSION 


Evidence has thus been brought forward to show that the signs of 
intracranial tumors may alter after ventriculography and osteoplastic 
craniotomy and decompression. If these surgical procedures have been 
carried out with no error of technic the changes that occur in the 
clinical picture are to be attributed to change in position or size of the 
tumor itself. By recognition of this principle it is sometimes possible 
to make a successful diagnosis of the situation of a tumor that has 
already been sought for at operation without success. It is therefore 
advisable that such procedures as ventriculography and decompression 
should always be followed by careful neurologic examination. 

Observations have been reported that indicate the manner in which 
ventriculography may endanger life, even in those cases in which its use 
is not contraindicated by the clinical condition of the patient. To 
prevent loss of life in these cases it is urged that ventriculography should 
be followed at the earliest possible moment by removal of the tumor. 










































EXPERIMENTAL PRODUCTION 
MITRAL STENOSIS * 


OF 


JOHN H. POWERS 


The experiments herein reported were undertaken with the aim of 
creating a chronic, sclerosing lesion of the mitral valve in dogs, as the 
primary step in an experimental study of the surgical treatment of 
mitral stenosis. Cutler * and his collaborators demonstrated that mitral 
insufficiency is well tolerated by previously normal dogs. Because of 
their inability to perform their operation on animals with stenosis, 
they were unable to ascertain whether or not the abrupt transformation 
of stenosis into stenosis with insufficiency could be similarly tolerated. 

Consequently, this phase of the work, which might have been done 
in the laboratory, had it been possible to produce experimental stenosis 
in animals, was carried out on patients. A large segment was excised 
from the mitral valve of the fourth patient operated on by Cutler,’ 
and also- from the valve of a patient more recently operated on by 
Pribram * of Berlin. Both patients died of pulmonary congestion and 
cardiac failure. The operative procedure was successful in each case. 
A large segment of valve was removed and a pronounced regurgitation 
was established; yet the patients died. Obviously, before real progress 
can be made, it will be necessary to establish by experimental methods 
whether or not partial valvulectomy is a justifiable procedure in cases 
of mitral stenosis. 

HISTORY 

Early in the year 1902 appeared the suggestion by Sir Lauder 
Brunton * that, “the good results which have been obtained by surgical 
treatment of wounds in the heart emboldens one to hope that, before 
very long, similar good results may be obtained in cases of mitral 
stenosis.” A storm of comments, criticisms and protests followed this 
proposal. The technical difficulties of the procedure were great, but the 
whole field of surgery at that time was making rapid progress. A 
mechanical respiratory apparatus had been developed for administering 
an anesthetic under positive pressure so that the chest might be opened 
without collapse of the lungs, and the thorax soon became a favorite 
field for investigation. 


* From the Laboratory for Surgical Research of the Harvard Medical School. 

1. Cutler, E. C.; Levine, S. A., and Beck, C. S.: The Surgical Treatment of 
Mitral Stenosis, Arch. Surg. 9:689 (Nov.) 1924. 

2. Pribram, B. O.: Die operative Behandlung der mitral Stenose, Arch. f. 
klin. Chir. 142:458, 1926. 

3. Brunton, L.: Preliminary Note on the Possibility of Treating Mitral 
Stenosis by Surgical Methods, Lancet 1:352, 1902. 
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In 1907 appeared the first paper on the creation of a temporary 
mitral stenosis, by Cushing and Branch.* This was accomplished by 
placing a purse-string suture around the base of the mitral valve which, 
when tightened, approximated the papillary muscles and chordae 
tendineae and prevented complete relaxation of the mitral leaflets during 
diastole. 

Two years later, Bernheim * attempted similar experiments, using a 
fine silver wire. After producing a partial stenosis he planned to cut 
the wire and allow the circulation to return to normal, thus simulating 
what he hoped might be obtained by notching a stenosed human valve. 
Only one of his experiments was successful. 

A few years later Carrell ® and Tuffer attempted to create mitral 
stenosis by suturing together the leaflets of the valve under direct 
vision. Thermocautery of the aortic valve was also performed. Both 
operations were carried out with the circulation closed, a method which 
entails temporary obstruction of the cerebral blood supply. Many inves- 
tigators have demonstrated that the cerebral anemia which accompanies 
such a procedure produces undesirable sequellae. 

Cutler, Levine and Beck * attempted to narrow the mitral orifice by 
plication and radium. A wedge-shaped portion of myocardium with the 
apex pointing toward the endocardium was removed and the gap 
reapproximated. Neither this method nor the use of a ligature placed 
about the base of the mitral ring proved successful in producing a 
permanent stenosis. They then resorted to the proposal of Coryllos, 
Edwards and Bagg,’ hoping to produce a contracting scar by the use of 
radium. From four to twelve radium emanation seeds (1 to 8 milli- 
curies) were inserted around the base of the mitral ring by needles and 
left in place. Some animals died from coronary hemorrhage due to 
erosion into the vessels. Others showed dense, firm scars at the site 
where the seeds were deposited and a tendency of the valvular segments 
to retract. The chief difficulty in the procedure lay in their inability to 
slide the radium out into the leaflets of the valve. This is not surprising 
when one considers the fact that the leaflets are in constant motion and 
that attempts at localization were, of necessity, guided by the sense of 
touch alone. 

4. Cushing, H., and Branch, J. R. B.: Experimental and Clinical Notes on 
Chronic Valvular Lesions in the Dog and Their Possible Relation to a Further 
Surgery of the Cardiac Valves, J. M. Research 12:471, 1907-1908. 

5. Bernheim, B. M.: Experimental Surgery of the Mitral Valve, Bull. Johns 
Hopkins Hosp. 20:107, 1909. 

6. Carrell, S.: Experimental Operations on the Orifices of the Heart, Tr. Am. 
Surg. A. 32:462, 1914. 

7. Coryllos, P.; Edwards, D. J., and Bagg, H. J.: Intracardiac Irradiation of 
the Valves from Radium Emanation Employing a Two-Stage Operative Technique, 
Proc. Soc. Exper. Biol. & Med. 21:151, 1923. 
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EXPERIMENTAL METHODS 


The contracted, fibrosed, and often calcareous orifice of mitral 
stenosis is the result of long-standing irritation both in the leaflets of the 
valve and in the ring at their base. The causal factor of rheumatic 
endocarditis is obscure. It is well known, however, that vegetative 
lesions may be engrafted only on primarily injured endocardium. In 
an effort to produce chronic irritation of the mitral valve in dogs, two 
distinct procedures have been carried out: (1) traumatization of the 
valve by electrosurgical methods, and (2) intravenous inoculation with 
cultures of streptococcus. 


Electrocoagulation of the Mitral Valve—A portable diathermy apparatus pro- 
ducing a bipolar current of high frequency was used. The operative technic 
involving exposure of the heart and the control of hemorrhage was similar to that 
employed by Cutler, Levine and Beck. 

One half hour after the administration of morphine hypodermically, the dog is 
anesthetized with ether and both sides of the thorax are shaved and cleansed with 
soap and water. When the animal is fully relaxed, a properly fitting rubber tube 
is introduced through the larynx into the trachea and attached to a Wolf bottle 
containing ether, which is, in turn, attached to the Erlanger mechanical respiratory 
apparatus. The dog is turned on its right side with a pad beneath the midthorax. 
The indifferent electrode is placed in direct contact with the skin. Both fore and 
hind legs are extended and held in position with web straps. The operative field is 
prepared with iodine and alcohol; the dog and the operating table are draped with 
sterile sheets. Incision is made over the left fifth or sixth rib from the angle 
almost to the sternal junction, and carried down through the fascia and muscles to 
the periosteum. The exposed rib and a portion of the costal cartilage are resected 
subperiosteally and the pleura is opened. When the lungs are packed off with two 
warm, moist, saline pads of cotton, a satisfactory exposure of the heart is 
obtained. The sterile portion of the electrode is then attached to the remainder 
of the apparatus and tested. 

The pericardium is incised just medial to and parallel with the left phrenic 
nerve, the heart is delivered from the pericardial cavity by a spoon-shaped spatula, 
and a suture is placed in the apex to facilitate subsequent manipulation. A spot 
for the incision is chosen on the anterior surface of the left ventricle, free from 
coronary vessels and about midway between the apex and base. Control sutures 
are placed on each side of this area; the ends are crossed and held by the assistant. 
The myocardium is incised and the insulated electrode introduced into the cavity of 
the ventricle. By invaginating the auricular wall with the left forefinger, the 
operator is able to localize the tip of the instrument in the mitral orifice. When 
the tip is accurately placed on the under surface of the leaflet of the valve, at its 
junction with the mitral ring (fig. 1), the current is applied. When the valve has 
been sufficiently traumatized, the instrument is withdrawn and the wound ‘in the 
heart is closed with two or three silk sutures. The apex and control sutures are 
removed, the heart is replaced in the pericardial cavity, and the pericardium is 
closed with a continuous stitch of fine silk. The cotton pads are removed, the lungs 
are inflated, and the pleura and chest wall are closed in layers. If carefully per- 
formed, the operation should be quite bloodless throughout. 


Pras 


ae 


ney NE ee 





ee el 





1948 ARCHIVES OF SURGERY 


Intravenous Inoculation with Streptococci.—In order to increase the 


reaction in the traumatized valve and create an additional cause for 
cicatrization, acute vegetative endocarditis was superimposed. 


Two strains of streptococci were used, a Streptococcus viridans 
isolated by Dr. Zinsser from the myocardium of a child who died of 


7 

Fig. 1—Operative sketch. The roof of the left auricle has been invaginated 
with the index finger of the left hand and the tip of the electrode is being approxi- 
mated to the inferior surface of the lateral leaflet of the mitral valve. Hemorrhage’ 
is controlled by traction on the crossed sutures at each side of the myocardial 
incision. A indicates the tip of the electrode; B, the mitral valve; C, the peri- 
cardium; D, the left lung (packed off); E, the left auricular appendage; F, the 
pulmonic artery; G, the aorta; H, the parietal pleura; J, the interventricular 
septum, and J, the right ventricle. 
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rheumatic fever, and the Streptococcus cardio-arthritidis of Small. On 
the second postoperative day, each dog to be inoculated was given, 
intravenously, from 30 to 50 cc. of a twenty-four hour broth culture. 
On the fourth day, a second injection of from 70 to 100 cc. was given. 
Two days later, a blood culture was taken. Several normal animals 
were inoculated in a similar manner, for the purpose of controls. 


COM MENT 


During each operation, an effort was made to create as much valvular 
damage as could be tolerated by the animal. Mitral regurgitation was 
the immediate result of the procedure. The leaflets of the valve were 
charred and puckered (fig. 2) and a systolic murmur was audible on 











Fig. 2—The immediate effect of electrical coagulation of the mitral valve and 
ring. There is charring at the base of the valve, the leaflets are retracted and a 
moderate insufficiency is apparent. 


auscultation. If the regurgitation was too severe, the heart gradually 
dilated, occasionally to almost twice its original size; its beats became 
less and less forceful, and the dog soon died of cardiac failure. 
Ventricular fibrillation and death were observed in a few cases in which 
the base of the aortic leaflet had been destroyed. This may have been 
caused by damage to the auriculoventricular node. 

In order to determine the effect of coagulation alone, eight dogs 
were not inoculated after operation. When their hearts were subse- 
quently examined, small fibrous scars were found in the mitral ring. 


8. Small, J. C.: The Bacterium Causing Rheumatic Fever and a Preliminary 


Account of the Therapeutic Action of Its Specific Antiserum, Am. J. M. Sc. 178: 
101, 1927. 
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The leaflets of the valve were not thickened and the orifice was not 
contracted. 

All the other animals had intravenous injections of cultures of 
streptococcus in the manner previously outlined. No elevation in 
temperature occurred and no evidence of a generalized systemic reaction 
was apparent. Within twelve hours after the first inoculation with the 
viridans strain, tiny discrete vegetations were discernible on the free 
edges of the traumatized valve. As the infection progressed, the vege- 
tations increased in size, and at the end of a week, appeared as rounded, 
discrete or confluent, pinkish, warty tumors, from 1 to 3 mm. in 
diameter (fig. 3). A culture which was taken two days after the second 
inoculation showed from 2 to 100 organisms in 0.5 cc. of blood. As 








Fig. 3.—Acute vegetative endocarditis of the mitral valve. The animal was 
sacrificed one week after the second inoculation with Streptococcus viridans. The 
untraumatized tricuspid valve was normal in spite of the fact that streptococci were 
constantly circulating in the blood stream. 


far as could be determined, the infection pursued one of two courses 
from ‘this point onward: 


1. If the dog developed resistance, the bacteremia remained 
essentially the same or increased, the vegetations grew into huge, fungat- 
ing lesions, and the course of the disease followed that of subacute 
bacterial endocarditis in human beings. The systolic murmur became 
more pronounced and no diastolic murmur appeared. Occasionally ball 
thrombi formed on the valve. Death eventually occurred from septic 
infarction or embolism of the great vesseis. 


2. If the acute vegetative process healed, the leaflets became thick- 
ened and fibrosed. Dense, cartilaginous scars formed at the base of the 
leaflets where the mitral ring had been traumatized. These cicatrices 





POW ERS—EXPERIMENTAL MITRAL STENOSIS 1951 


frequently extended well into the substance of ‘he myocardium and a 
real stenosis of the orifice was apparent. 

Reoperation followed by reinoculation was frequently necessary 
before sufficient reaction occurred to produce a chronic, sclerosing, 
stenotic lesion. 

The dogs which were not operated on but were injected had positive 
blood cultures for only a few days after inoculation. No evidence of 
endocarditis was apparent when the hearts were subsequently examined. 

Postmortem examination of the hearts of all the dogs subjected to 
operation showed no lesions on any of the valves except the one which 
was traumatized by the operative procedure. 

Routine electrocardiograms and roentgenograms of the heart at 
1 meter were taken before operation and at intervals during the post- 
operative course. A noticeable increase in the transverse diameter of 
the heart occurred in many cases, and the dogs with marked stenosis 
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Fig. 4—Roentgenograms of the heart demonstrating increase in the transverse 
cardiac diameter and dilatation of the left auricle. The animal was operated on 
immediately after the first plate was taken on January 6, and inoculated with 
Streptococcus viridans. It was reoperated on and reinoculated after the second 
plate was taken on February 21. The animal was sacrificed after the third 


roentgenologic examination on September 17. Thickening, fibrosis and stenosis of 
the mitral valve were found. 


showed a slight prominence of the left auricular region (fig. 4). 
Electrocardiographic tracings showed no definite variations from the 
normal. 

RESULTS OF EXPERIMENTS 


Fifty-seven operations were performed. Seven dogs died on the 
table from too severe a regurgitation, and six others from ventricular 
fibrillation. The immediate operative mortality was, therefore, 22.8 per 
cent. Two dogs died from a ruptured heart, one on the fifth day, 
and one on the seventh day, after a second operation. Because of 
improper sterilization of the electrode during the early experiments three 
dogs died from purulent pericarditis and empyema of the pleura. The 
cause of death in one case was undetermined. These fatalities, added 
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to the immediate operative deaths, made the total operative mortality 
33.3 per cent. 

Eight dogs were not inoculated. All had systolic murmurs but only 
one developed a diastélic rumble. This animal was sacrificed at the end 
of nine months and two small, firm scars were found at the base of 
the mitral ring. These may have produced some restriction of the 
orifice during diastole. One animal died unaccountably eight months 
after operation and another was sacrificed at the end of nine months. 
Postmortem examination of the hearts showed insufficiency of the 











Fig. 5.—A ball thrombus attached by a slender pedicle to the superior surface 


of the mitral valve. Death occurred three weeks after operation and inoculation 


with Streptococcus cardio-arthritidis. An embolus, which had presumably been 


detached from the same pedicle, was found at the bifurcation of the abdominal 
aorta. 


mitral valve, slight scarring around the ring, but no stenosis. One dog 
died of distemper, and four were reoperated on and received injections. 

Five animals were inoculated with Streptococcus cardio-arthritidis 
(strain R,) after operation. All developed acute vegetative endo- 
carditis and systolic murmurs. Two died of embolism at the bifurcation 
of the abdominal aorta and gangrene of the extremities. Examination 
of the hearts revealed a large, cauliflower-like vegetation on the mitral 
valve of one, and a ball thrombus attached by a slender pedicle to the 
valve of the other (fig. 5). One animal died of distemper, five weeks 





POWERS—EXPERIMENTAL MITRAL STENOSIS 1953 


after inoculation. Postmortem examination of the heart revealed 
sclerosis and the formation of fibrocartilage at the base of the mitral 
ring but no restriction of the orifice and no thickening or fibrosis of 
the leaflets. 

Ten dogs were operated on and inoculated with Streptococcus viri- 
dans. One died within a few hours, from what appeared to be an 
anaphylactic reaction. One animal developed no cardiac murmurs and 
had a positive blood culture for only a few days. When the heart was 
subsequently examined, the mitral valve appeared normal, but several 
scars were apparent on the roof of the left auricle. The tip of the 
electrode had evidently been passed through the mitral orifice and 
placed in contact with the endocardium of the auricle. One dog failed 
to develop acute endocarditis and was sacrificed at the end of one month. 
The operative procedure had again been unsuccessful, for the mitral 
valve appeared normal. 

All the other animals developed acute vegetative endocarditis, a 
positive blood culture, and a systolic murmur. Two were sacrificed, 
at the end of one and two weeks, respectively, in order to study 
the pathology of acute endocarditis. One developed no resistance 
to the infection and died on the sixtieth day from septic infarction 
of the kidneys and embolism of the femoral artery. Examination of 
the heart revealed a huge fungating vegetation on the mitral valve 
(fig. 6). Two animals developed hyperactive hearts, loud snapping 
first sounds, and blowing systolic murmurs, but no adventitious diastolic 
sounds were ever audible. Both were sacrificed at the end of four 
months. Postmortem examination of the hearts revealed moderate 
thickening, scarring, and some retraction of the mitral leaflets sufficient 
to produce incompetency of the valve, but no stenosis of the orifice. One 
animal developed an accentuated first cardiac sound, a moderate systolic 
murmur and a short, early diastolic rumble; it died at the end of four 
months. Autopsy failed to reveal the cause of death. There was marked 
thickening and fibrosis of one mitral leaflet, a deep scar in the mitral 
ring and moderate stenosis of the orifice. 

One dog was reinoculated several times. Each inoculation was 
followed by a positive blood culture which was considered to be indica- 
tive of an acute process superimposed on the old healed lesion. The 
animal was sacrificed nine months after operation. One leaflet of the 
mitral valve was definitely thickened and the orifice was moderately 
contracted (dog 17). 

One animal, operated on twice but inoculated with Streptococcus 
viridans only after the second operation, died on the forty-third day, 
from chronic passive congestion and cardiac failure due to severe mitral 
stenosis. The clinical signs of stenosis, which were present before 
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death, included a moderately loud systolic blow, no second sound, and 
a short, early diastolic murmur (dog 19). 

Seven dogs, operated on and inoculated with Streptococcus viridans, 
developed acute vegetative endocarditis. During the next three months, 
the bacteremia disappeared and the acute process subsided. All the 
dogs were reoperated on; at the second operation, a stenosis of the 
mitral orifice and multiple scars around the ring were palpable in every 
case. Each animal was reinoculated in the usual manner and again 
developed acute endocarditis. The lesions healed much more rapidly 
the second time, due undoubtedly to the resistance developed in over- 











Fig. 6.—Fungating vegetative endocarditis of the mitral valve. The dog’s 
clinical course was typical of acute bacterial endocarditis. Death was due to 
septic infarction of the kidneys and embolism of the femoral artery. 


coming the initial infection. One animal was sacrificed seven months 
after the second operation. A well marked stenosis of the mitral valve was 
present (fig. 7). The leaflets were much thicker than normal and were 
tough, fibrotic and sclerosed (fig. 8). Histologic examination showed 
the formation of fibrocartilage around the base of the ring, fibroblastic 
invasion and the formation of new blood vessels in the leaflets of the 
valve. The histologic studies of the tissues of acute endocarditis, 
organizing valvular thrombi, and mitral stenosis will be reserved for a 
subsequent paper. The remaining six dogs are still alive and five of 
them present clinical evidence of mitral stenosis. 
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Fig. 7—Stenosis of the mitral valve. The animal was operated on twice, 
inoculated after each operative procedure, and sacrificed at the end of seven 
months. The leaflets were much thicker than normal, fibrotic and sclerosed. The 
cordae tendineae were thickened and contracted. 





Fig. 8.—Vertical sections through the valve and mitral ring of the heart shown 
in figure 7 and through a corresponding position in a normal heart for comparison 
(actual size). The leaflet in the section at the left is densely scarred, markedly 
thickened, and almost calcareous in consistency. At the base of the ring is a 
dense, firm cicatrix extending well into*the myocardium and composed largely of 
cartilage. The section at the right is from the heart of a normal dog; the leaflet 
is thin, soft and pliable. 
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It seems unnecessary to include protocols of all the experiments, 
and only the following two, therefore, are presented. 


REPORT OF TWO EXPERIMENTS 


Doc 17.—A mongrel bull terrier, female, weighing 15.1 Kg. 

Dec. 13, 1927: A roentgenogram was taken of the heart at a distance of 
1 meter (fig. 9) and an electrocardiographic tracing was made. 

Electrocoagulation of Mitral Valve—The anesthetic was ether, administered 
intratracheally by the Erlanger apparatus. The dog was placed on its right side 
with a pad and the indifferent electrode beneath the thorax. After the skin was 
shaved and cleansed with soap, water, ether, iodine and alcohol, the chest was 
opened by incision over the fifth rib and subperiosteal resection of the anterior por- 
tion of the rib and its costal cartilage. The pleura was incised and the lungs were 
packed off with pads of cotton moistened in warm saline solution. The pericardium 
was opened by an incision anterior to and parallel with the left phrenic nerve. The 
heart was delivered from the pericardial cavity by a spatula and a suture was 
placed in the apex to facilitate manipulation. Two control sutures were placed 
in the anterior surface of the left ventricle about midway between the apex and 
base. The myocardium was incised between the control sutures, and the tip of the 
sterile portion of the electrode was introduced into the cavity of the left ventricle. 
By invaginating the roof of the left auricle it was possible to palpate the tip of the 
instrument in the mitral orifice (fig. 1). The valve and ring were coagulated on 
their anterior, lateral, and posterior aspects. Slight dilatation of the heart 
occurred but the cardiac mechanism was not disturbed. 


The electrode was removed 
and the myocardial wound was closed with three sutures of C silk. There was no 
bleeding. The pericardium was closed with a continuous suture of A silk, the 


lungs were inflated and the pleura and posterior periosteum were closed with a 
continuous suture of C silk. The fascia and muscles were closed with C silk, the 
subcutaneous tissues with A silk, and the skin with A silk. The dog was in good 
condition at the end of the operation. No murmurs were audible. 
December 15: The dog was up and walking about. No murmurs were audible. 
December 17: The dog was in good condition. No murmurs could be heard 
December 21: A well marked systolic murmur was present. 
clean and healing by first intention. The sutures were removed. 
Jan. 9, 1928: The murmur was unchanged. 


The wound was 


February 7: The murmur was faint. The temperature was 102 F. The 
animal was inoculated intravenously with 30 cc. of a twenty-four hour broth 
culture of Streptococcus viridans. 

February 8: The temperature was 101.6 F. 

February 9: The temperature was 101.6 F. One hundred cubic centimeters of 
a twenty-four hour broth culture of Streptococcus viridans was injected intra- 
venously. The murmur was slightly louder than before inoculation. 

February 10: The temperature was 101 F. 

February 11: The temperature was 101 F. One hundred cubic centimeters of 
a forty-eight hour broth culture of Streptococcus viridans was injected. 

February 18: The blood culture was positive. 

March 7: With the dog lying on the left side, a harsh systolic and soft diastolic 
murmur were audible. The first cardiac sound was loud and snapping; the second 


sound was less distinct. A roentgenogram of the heart was taken at a distance of 
1 meter. 
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March 9: An electrocardiographic tracing was made. Dr. S. A. Levine of 
the Peter Bent Brigham Hospital listened to the dog’s heart and stated: “The first 
sound is slightly snapping in quality and the second sound is good. There is a 
systolic blow after the first sound and a short rebound in very early diastolic. 
Presystole is clear.” 

May 7: The diastolic murmur was not audible; the systolic murmur was the 
same. A blood culture and a roentgenogram were taken (fig. 9). 

May 10: The blood culture was positive, showing one colony. 

May 21: Seventy cubic centimeters of Streptococcus viridans was injected 
intravenously. 

May 28: The blood culture was positive, showing four colonies. 

June 7: There was a heaving cardiac impulse and the first sound was snapping 
in quality. 

July 13: Both systolic and diastolic murmurs were present. A blood culture 
was taken. 

July 16: The blood culture was negative. 

July 19: One hundred cubic centimeters of a fresh twenty-four hour culture 
of Streptococcus viridans was injected intravenously. 











Fig. 9—Roentgenograms of the heart of dog 17, the first one taken on Dec. 13, 
1927, before operation, the second, on May 17, 1928, and the third on September 12. 
There is a definite change in the shape of the heart; the last plate shows a decided 
prominence in the region of the left auricle and slight increase in the transverse 
cardiac diameter. 


July 27: The blood culture was positive, showing four colonies. 

August 6: There was a definite systolic thrill. The second sound was followed 
by a short early diastolic whiff (Dr. Levine). The blood culture taken the 
previous day was negative. 

August 31: Eighty cubic centimeters of a broth culture of streptococcus was 
injected intravenously. 

September 4: Eighty cubic centimeters of the same culture was injected. 

September 6: A blood culture was taken. 

September 10: The blood culture was positive, showing five colonies. 

September 12: A systolic thrill was palpable and an early diastolic murmur 
was heard, extending into middiastole. An electrocardiogram and a roentgenogram 
were taken (fig. 9) and the dog was sacrificed. 

Autopsy.—The wound in the thoracic wall was firmly healed. There were a few 
filmy adhesions between the left lung and the pericardium at the site of the 
pericardial incision. There were dense adhesions between the pericardium and 
myocardium in the vicinity of the myocardial wound. The heart was removed and 
opened. There were two dense firm scars in the mitral ring. One leaflet of the 
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valve was thickened and sclerosed. The orifice was moderately restricted. Two 
tiny fresh vegetations were found on the leaflets. 

Doc 19.—A brown and white bull terrier, male, weighing 11.8 Kg. 

Dec. 19, 1927: An electrocardiographic tracing was made. 

December 20: A roentgenogram was taken. 

Electrocoagulation of the Mitral Valve——The anesthetic was ether, administered 
by the Erlanger respiratory apparatus. The operative procedure was that described 
in the previous protocol. No murmurs were audible at the end. 

December 21: The dog was in good condition. Auscultation of the heart 
revealed what seemed to be a soft systolic murmur, but extraneous pericardial 
sounds made it impossible to distinguish the murmur with certainty. 

December 30: The wound was well healed by first intention. The cutaneous 
stitches were removed. , 

Jan. 9, 1928: A questionable systolic murmur was present. 

February 3: No definite murmur could be heard. The dog was reoperated on. 











| 
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Fig. 10—Experimental stenosis of the mitral valve. The leaflets are thickened 

and sclerosed, the edges are searched together and the orifice is markedly con- 

tracted. The dog died of cardiac failure and chronic passive congestion of the 
lungs and liver. 





Secondary Coagulation of Mitral Valve—rThe anesthetic was ether, adminis- 
tered by the Erlanger apparatus. The chest was opened through an incision 
parallel with, and 1 cm. cephalad to, the scar of the previous operation. There 
were no adhesions between the lungs and the pleura or pericardium. The peri- 
cardium was adherent to the epicardium at the site of the old myocardial incision. 
Because of these adhesions, the heart was not delivered from the pericardial cavity 
and no apex suture was necessary. The control sutures were placed in the anterior 
surface of the left ventricle near the base. The myocardium was incised, the elec- 
trode was introduced, and the mitral valve was coagulated anteriorly, posteriorly, 
and laterally. The heart stopped beating. The instrument was immediately with- 
drawn, the myocardial wound was closed with one suture of C silk, and the heart 
was resuscitated by manual massage. The pericardium and thoracic wall were 
closed as usual. The dog was in fair condition at the end of the procedure. A 
soft systolic murmur was audible. 
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February 7: The dog made a good recovery. A definite systolic murmur was 
present. The temperature was 101.4 F. Thirty cubic centimeters of a twenty-four 
hour broth culture of Streptococcus viridans was injected intravenously. 

February 9: The temperature was 101 F. 

February 11: The temperature was 101.6 F. 

February 13: The temperature was 101.6 F. The murmur was scarcely audible. 

February 18: The dog was inoculated with 70 cc. of a twenty-four hour broth 
culture of Streptococcus viridans. 

February 20: A blood culture was taken. The murmur was loud and blowing 
in character. 

February 24: The blood culture was positive, showing several colonies. 

March 9: An electrocardiogram and roentgenogram were taken. Dr. Levine 
listened to the dog’s heart and stated, “there is a moderately loud systolic murmur, 
no second sound, and a short early diastolic murmur.” <A blood culture was taken. 

March 11: The blood culture was positive, showing one colony. 

March 14: The dog refused food, was very inactive, and made no effort to 
stand. There was no edema of the extremities. 

March 16: The dog continued to refuse food and was growing more lethargic. 

March 17: The dog was found dead in the cage. 

Autopsy—The wound was firmly healed. There were no adhesions between 
the lungs and pleura, only one between the lungs and pericardium, but many filmy 
adhesions were found between the pericardium and epicardium. The lungs were 
moderately congested. The liver was enlarged, soft and congested. There was 
no fluid in the peritoneal cavity. The heart was removed and the roof of the left 
auricle was opened. The mitral valve was tremendously thickened, fibrotic and 
sclerosed. The leaflets were seared together, and the orifice was markedly 
contracted (fig. 10). 

CONCLUSION 

Vegetative endocarditis of the mitral valve may be produced in dogs 
by electrocoagulation of the valve, followed by the injection of cultures 
of streptococcus into the blood stream. If the animal develops no 
resistance to the infection, the disease pursues an acute course similar 
to that of bacterial endocarditis in human beings. If the acute process 
subsides, the vegetative thrombi become organized, fibrosis occurs and 
the valve becomes thickened and sclerosed. Fibrocartilage is deposited 
around the base of the ring. The orifice is constricted and in favorable 
cases, the end-result is experimental mitral stenosis comparable in its 
clinical, gross pathologic, and mechanical aspects to the stenosis seen in 
chronic cardiac valvular disease in man. 
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THE EXPERIMENTAL PRODUCTION OF 
PULMONARY ABSCESS 


ETIOLOGIC FACTORS * 
JOHN E. SCARFF 


The relationship between chronic infection in the upper respiratory 


tract and the development of pulmonary abscess is of great experimental 
interest and equal clinical importance. The recent work from Cutler’s 
laboratory,’ demonstrating that abscesses of the lung may be caused in 


dogs by embolic processes, does not prove that all abscesses ‘arise in 
this way. The fact that many of these lesions—such, for instance, as 
those following epileptiform seizures—cannot be explained on an embolic 
basis suggests a search for other sources of the infection and directs 
attention to chronic suppurations in the upper air passages. 

In 1923, Kline? injected material, removed from the mouth and 
teeth of a man who had died of pulmonary gangrene, into the trachea 
of rabbits, and obtained small localized areas of pulmonary “gangrene.” 
In 1927, Smith * reported the development of pulmonary abscesses in 
mice and rabbits aiter the introduction into the trachea of scrapings 
from pyorrheal cavities in man, but was unable to reproduce these 
lesions in dogs. In 1927, also, Crowe and Scarff,* in a brief pre- 
liminary communication, reported abscesses of the lungs in dogs, made 
by introducing into the bronchi of these animals cotton pledgets inocu- 
lated with pus obtained from chronically suppurating frontal sinuses in 
dogs, which they had established experimentally, and infected material 
scraped from pyorrheal cavities in man. In 1928, Allen® reported 


*From the Hunterian Laboratory, Johns Hopkins Medical School, and the 
Laboratory of Surgical Research, Harvard Medical School. 

1. Holman, E.; Weidlein, I. F., and Schlueter, S. A.: A Method for the 
Experimental Production of Lung Abscess, Proc. Soc. Exper. Biol. & Med. 23:266, 
1926. Cutler, E. C., and Schlueter, S. A.: The Experimental Production of 
Abscess of the Lung, Ann. Surg. 84:256, 1926. Schlueter, S. A., and Weidlein, 
I. F.: Postoperative Lung Abscess, Arch. Surg. 14:457 (Feb.) 1927. Holloway, 
J. W.; Schlueter, S. A., and Cutler, E. C.: The Relation of Immunity to the 
Experimental Production of Abscess of the Lung, Ann. Surg. 86:165, 1927. 
Cutler, E. C.: The Etiology of Postoperative Abscess of the Lung, Ohio State 
M. J. 24:109, 1928. 

2. Kline, B. S.: Experimental Gangrene, J. Infect. Dis. 32:481, 1923. 
3. Smith, D. T.: Experimental Aspiratory Abscess, Arch. Surg. 14:231 
(Jan.) 1927. 

4. Crowe, S. J., and Scarff, J. E.: Experimental Production of Lung 
Abscess in the Dog, Internat. S. Digest 3:323-325, 1927; ibid., Arch. Surg. 16:176 
(Jan.) 1928. 


5. Allen, D. S.: Etiology of Abscess of the Lung, Arch. Surg. 16:179 (Jan.) 
1928. 
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evidence of beginning cavity formation in the lungs of dogs following 
intratracheal insufflation of pus from the abscessed lungs of human 
beings and ligation of the bronchus leading to the inoculated. lung. 

The present paper describes the experiments which led to the develop- 
ment of pulmonary abscesses in dogs mentioned in the preliminary 
statement referred to previously, and, in addition, describes a number of 
experiments carried out more recently for the purpose of determining, 
if possible, fundamental pathologic principles underlying the formation 
of these abscesses. 


EARLY UNSUCCESSFUL ATTEMPTS TO PRODUCE ABSCESS 
OF THE LUNG 
Over fifty experiments, all under anesthesia, were carried out by 
the following methods without obtaining one abscess. 


BRONCHOSCOPIC METHODS 

Simple Destruction of Pulmonary Tissue (Eight Experiments ).— 
Destruction was effected by use of electrical cautery and by acids applied 
through a bronchoscope. Prompt healing resulted in all cases. No 
abscesses developed. 

Introduction of an Infected Foreign Body into a Bronchus (Five 
Experiments) —Cotton pledgets inoculated with various organisms were 
passed into secondary bronchi through a bronchoscope after slight 
abrasion of the mucous membranes. Staphylococcus aureus, Staphylo- 
coccus albus, mixed cultures from a dog’s mouth, organisms recovered 
from an abscess on the body of a dog and cultures from the nostrils of 
a dog suffering with distemper were all used as inoculating agents. No 
abscesses and no distemper resulted. 

Introduction of a Nut into a Bronchus (Four Experiments ).— 
Freshly roasted whole peanuts were used. One dog dislodged the nut 
during the first six hours and recovered. The other three dogs immedi- 
ately developed overwhelming generalized bronchitis and _broncho- 
pneumonia and died. These results were strikingly in agreement with 
statements of Jackson® that nuts produce unusually acute reactions 
when aspirated into the lungs of children. 


TRANSPLEURAL EXPERIMENTS 


All bacterial inoculations mentioned in the transpleural experiments 
were made with 1 cc. of heavy saline emulsions of eighteen hour 
growths of bacteria introduced into the lung through a long needle 
under fluoroscopic guidance. 


6. Jackson, Chevalier: Observations on the Pathology of Foreign Bodies in 
the Air and Food Passages, Surg. Gynec. Obst. 28:201, 1919. 
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Simple Destruction of Pulmonary Tissue (One Experiment) — 
One cubic centimeter of boiling water was injected into a lobe. There 
were no significant sequelae. 


Simple Infection Introduced into Pulmonary Tissues (Four Experi- 
ments).—The injection of 1 cc. of warm agar was followed, after a 
suitable interval, by the injection of Pneumococcus type I (three ani- 
mals) and Streptococcus hemolyticus (one animal). There were no 
significant postoperative sequelae. 

Tissue Destruction Plus Infection (Thirteen Experiments) — 
One cubic centimeter of boiling water was first injected into a lobe 
of the lung, and the needle was left in place. After approximately 
twenty minutes, organisms were introduced through the same needle 
into the devitalized tissues. The following organisms were used: 
Staphylococcus aureus (one animal), Staphylococcus albus (one ani- 
mal), cultures from a dog’s mouth (one animal), cultures from the 
nostrils of dogs with distemper (two animals), thick suspensions of 
fecal material of a dog (one animal), 2 cc. of dog’s blood mixed with 
2 cc. of heavy emulsions of Staphylococcus aureus (one animal), 
pathogenic Sporothrix from a man (four animals) and sputum from a 
pulmonary abscess in a human being (two animals). There were no 


significant postoperative sequelae. All lesions healed quickly leaving 
small white scars. 


Tissue-Destruction Plus Foreign Body Plus Infection (Five Experi- 
ments).—Through intercostal incisions, small metal foreign bodies 
were placed in the center of the lower lobes in five dogs; the lobes 
were then stitched to the wall of the chest. Two or three weeks later, 
with a long needle under fluoroscopic guidance, the following organisms 
were transpleurally introduced on the foreign bodies: Staphylococcus 
aurcus (one animal), Streptococcus hemolyticus (one animal), culture 
of organisms from the mouth of a dog (one animal), and suspension 
of fecal material from a dog (one animal). The fifth dog developed 
distemper before experimental inoculation could be made into the lung. 
From this, however, he recovered completely. When the animals were 
killed some eight weeks later, autopsy in all cases showed pieces of metal 
firmly encapsulated in scar tissue without any evidence of active inflam- 
mation or the formation of cavities. 

Aschner,’?’ Lambert and Miller,* and Schlueter and Weidlein* 
reported unsuccessful attempts to form abscesses by intrabronchial 


7. Aschner, P. W.: The Pathology of Lung Suppuration, Ann. Surg. 75: 
321, 1922. 


8. Lambert, A. V. S., and Miller, J. A.: Abscess of Lung, Arch. Surg. 8:446 
(Jan.) 1924. 
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injections. Holman ® attempted, without success, to cause abscesses in 


dogs by placing infected bullets in the lungs through thoracostomy 
wounds. 


THE PRODUCTION OF PULMONARY ABSCESSES WITH 
ORGANISMS OBTAINED FROM CHRONIC SINUS 
INFECTIONS 

Following the foregoing unsuccessful attempts to develop pulmonary 
abscesses in dogs, Dr. Crowe suggested that a new series of experiments 
be carried out in dogs, in which the starting point should be the estab- 
lishment of suppuration in the frontal sinuses. 

Accordingly, in each of a series of eight dogs, a small trephine 
opening was made through a short incision over the frontal sinuses ; 
foreign bodies consisting of bits of bone and gauze impregnated with 
agar were introduced, and the fascia and skin were closed with silk. 
The wounds healed promptly and were allowed to remain so for about 
two weeks. Infectious material in the form of scrapings from pyorrheal 
cavities was then introduced into these sinuses through a needle. . Ful- 
minating acute sinusitis followed in all cases, resulting in the spontaneous 
establishment of a fistula through some point in the operative wound. 
After a few days, the acute phases of the infection subsided, but chronic 
sinusitis remained, with a discharge to the exterior persisting in some 
instances for three or four months. 

After four to six weeks of suppuration, each of the eight dogs 
was given a mild ether anesthesia, and a small pledget of cotton, 
thoroughly inoculated with the pus from the discharging sinus, was 
placed by means of a bronchoscope in a secondary bronchus. Of the 
eight animals thus treated, five developed a clinical picture of pulmonary 
abscess, characterized by general malaise, loss of appetite, fever, cough, 
expectoration and a progressive x-ray shadow limited to one lobe. 
Postmortem examination of the lungs showed in each case an acute 
process limited to one lobe, and distinguished by necrosis of tissue, 
liquefaction and the formation of a cavity. Death in each case was 
the result of extension of the cavity to the edge of the lung and 
perforation into the pleural cavity (figs. 1, 2, 3, 4, 5 and 6). 

Bacteriologic examination of the lungs and pleural fluid in all cases 
revealed mixed infections; the infecting organisms included staphylo- 
cocci; streptococci; thick rounded gram-positive bacilli, sometimes 
resembling diplococci; large gram-positive, slightly motile, spore- 
bearing bacilli, which grew anaerobically better than aerobically, and 
spirochetes. On examination of the frontal sinuses at this time, all 
these organisms, including the spirochetes, were recovered. 


9. Holman, E.: Chandler, L. R., and Cooley, C. L,: 


Experimental Studies in 
Pulmonary Suppuration, Surg. Gynec. Obst. 44:328, 1927. 
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Prorocot 1.—Dog S-5. Chronic frontal sinusitis; pulmonary abscess. 
First Operation—Implantation of foreign body in frontal sinus. 


March 2: Morphine, 0.015 Gm. Ether inhalation. Right frontal sinus opened. 
Foreign bodies of bone, bits of gauze and agar placed in sinus. Fascia and skin 
closed with silk 


March 7: Wound healing. Stitches out. 
March 15: Wound healed by first intention. Dog well. 


Second Operation—Inoculation of frontal sinus. 








Fig. 1.—Early stage in the development of an abscess in a dog’s lung. As the 
necrosis of tissue proceeds, all the small cavities coalesce to form a single large 
cavity. 


March 15: Morphine, 0.03 Gm. A saline suspension of scrapings from pyor- 
rheal cavities im man is injected through a needle into the frontal sinus. 


March 17: Marked swelling about right side of scalp, face and right, eye. 
Marked tenderness and fluctuation of soft tissues overlying sinus. Wound not yet 
discharging. Dog does not appear sick. “Temperature by rectum, 103.5 F. (normal 
for dog from 102 to 102.5 F. by rectum). 


March 20: Wound broken open at lower end; discharging thick, brown, foul 
pus. Dog active, however. Taking food. Temperature, 102.5 F. by rectum. 


April 24: Sinus still discharging. Dog active. Temperature, 102.5 F. 
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Third Operation—Implantation of pus from sinus into bronchus. 


April 24: Morphine, 0.015 Gm. Ether inhalation. A firmly rolled cotton 
pledget (about 3 to 4 mm. in diameter) is inoculated with pus expressed from the 
frontal sinus and placed, by means of a bronchoscope, into one of the secondary 
bronchi of the left lower lobe. Small silver clips attached to the cotton pledget 
serve to identify the position of the plug in x-ray picture (fig. 2). 

April 27: Animal appears well. Takes food normally. No discharge from, 
nostrils or eyes. Temperature, 103.0 F. (by rectum). X-ray picture shows cotton 
plug in place with a small area of increased density about it. 








Fig. 2 (dog S-5).—Roentgenogram of dog’s lung taken immediately after the 


introduction into the left lower bronchus of a cotton plug inoculated with pus 
from a chronically suppurating frontal sinus. Silver clips (indicated by arrows) 
show the position of the plug (protocol 1). 


April 28: Listless today. Refuses food. Has occasional gagging cough. No 
discharge from nose or eyes. Temperature, 104.0 F. by rectum. X-ray pictures 
show the cotton plug still in place and with a much increased area of density 
about it. 

April 29: Quite sick today. Listless, refuses food, coarse rattling cough with 
expectoration of slightly blood-tinged mucopus. Eyes and nose dry. Temperature, 
105.2 F. (by rectum). X-ray pictures show the plug still in place in the bronchus, 
marked consolidation of the entire lower lobe and a definite central cavity (fig. 3). 
Bronchoscopic examination shows a considerable amount of slightly blood tinged 
mucopus coming from the left lower bronchus. 

April 30: Death. 
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Autopsy—Left pleural cavity filled with thin serosanguinous, moderately 
purulent fluid. A smaller amount of similar fluid was in the right pleural cavity. 
All lobes were normal in appearance, and contained air, except the left lower lobe. 
This was about twice the normal size, dusky reddish blue, completely atelectatic 
and rather “rubbery” in consistency, although lacking in elasticity. Section of 
this lobe (fig. 4) revealed a pulmonary abscess cavity, approximately 2 to 3 cm. 
in diameter, communicating with the bronchus and filled with a thick, glossy, 
slightly blood-tinged mucopus in which was found the plug used for inoculation. 
The cavity extended to the medial surface of the lobe where it had perforated into 





Fig. 3 (dog S-5)—Same lung as in figure 2, six days later. There is consoli- 
dation of the greater part of the left lower lobe, which has developed centrifugally 


from the hilum. In the center of the lobe is a large cavity in which the silver 
clips may be seen. 


the pleura, producing empyema. Communicating with this large cavity were 
several smaller cavities. 


The parenchyma surrounding these cavities was every- 
where involved in a hemorrhagic consolidation (fig. 5). 

Bacteriology—Culture 1 (blood-agar plate): Small, clear colonies the size 
of a pinpoint after four days. Moderately hemolytic. Microscopic examination— 
small, gram-positive cocci in chains of from 3 to 8. Culture 2 (blood-agar plate) : 
Large, white, confluent colonies; nonhemolytic colonies after four days. Micro- 
scopic examination—thick, bluntly rounded, gram-positive, nonmotile bacilli. Cul- 


ture 3 (Sabanos’ medium): Discrete, white colonies, 0.5 mm. in diameter. 
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Microscopic examination—large, gram-positive, motile bacilli, some of which 
contained terminal spores and vacuoles. Culture 4 (anaerobic culture in milk): 
Much gas with foul odor. Microscopic examination—fresh and stained specimens, 
resembled exactly those organisms found in culture 3. 


Dark-field examination showed cocci; blunt, rounded, nonmotile bacilli; much 
larger mobile bacilli having terminal spores; many spirochetes. 


The occurrence of pulmonary abscesses in five of the eight dogs in 
this series contrasts sharply with the uniform failure to produce 
abscesses which marked all previous experiments, and indicates that the 




















Fig. 4 (dog S-5).—Lung containing large abscess which communicates directly 
with a major bronchus (protocol 1). 


chronically suppurating frontal sinuses in these animals contributed in 
some way toward the formation of the lesions. Actually, there were 
present in these experiments four possible etiologic factors, any one or 
more of which may have been essential; namely, (1) the effect of the 
chronic sinusitis in reducing the resistance of the host to new bacterial 
invaders; (2) the effect of the chronic suppuration in increasing the 
virulence of the organisms for the host; (3) the action of the spiro- 
chetes; (4) the partial or complete obstruction of the bronchus for a 


period of time by the cotton plug used to carry the organisms into the 
bronchi. 
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To determine which of these four possible factors were essential and 


which incidental in the production of pulmonary abscesses, further 


experiments were carried out in which the role of each of the factors was 
studied in turn. These experiments and the deductions gained from 
them are as follows. 


Fig. 5 (dog S-5).—Photomicrograph showing congestion and consolidation in 
the parenchyma, with walling off of the actual cavity of the abscess (protocol 1). 


THE EFFECT OF THE CHRONIC SINUSITIS ON THE HOST 


It will be noted that each of the animals in which abscesses were 
obtained had been suffering for weel:s with a chronic abscess of 
the frontal sinus. Was a reduced resistance on the part of the host, 
the result of long-standing antecedent sepsis, the essential factor in the 
production of the abscesses ? 
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To determine this point, four healthy dogs were selected for 
experiment. Cotton pledgets, inoculated with pus coming from the 
frontal sinuses of the three dogs which had survived the first group 
of experiments, were placed in secondary bronchi of these healthy dogs. 
In three of the dogs, abscess of the lung developed, which were in all 
major respects identical with the abscess of the original dogs. It was 


therefore evident that the chronically suppurating sinus did not exert 




















Fig. 6 (dog S-4).—Pulmonary abscess produced by the introduction into a 
bronchus of cotton carrying pus from a chronically infected frontal sinus of a dog. 


any essential etiologic influence on the host, but rather alone on the 
invading organism. 


THE EFFECT OF CHRONIC SINUSITIS ON THE INVADING 
ORGANISM 
For the study of this effect, two series of experiments were pro- 
posed. In the first, fresh stock cultures of Staphylococcus aureus on 
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cotton pledgets were introduced directly into the bronchi of dogs; in 
the second, staphylococci were passed through an incubation period in 
a suppurating sinus before they were similarly introduced into the 
dogs’ bronchi. 

Bronchial Inoculation with Fresh Cultures of Staphylococcus aureus. 

Fresh cultures of virulent Staphylococcus aureus on cotton pledgets 
were introduced by the usual technic into the secondary bronchi of four 
dogs. These infected pledgets remained in place for 5, 7, 10 and 16 days, 
respectively. All the dogs were sick to a greater or less degree during 





Fig. 7 (dog S-18).—Roentgenogram taken eighteen days after introducticn st 
a bronchus of a cotton plug heavily inoculated with Staphylococcus aureus; the 
plug was dislodged and coughed out just before this picture was taken. Note the 
massive consolidation limited to the left lower lobe (protocol 2). 


these periods, and all showed x-ray evidences of pulmonary congestion 
or consolidation in the affected lobes. 


But at no time in any dog was 
there x-ray evidence of a cavity, and no dog died as a result of the 
procedure. These lungs, when examined after the animals were killed, 
showed marked congestion and later consolidation, limited to one lobe, 


and the whole clinical and pathologic picture strikingly resembled that 
of lobar pneumonia in man. 


Protocot 2.—Dog S-18. Staphylococcus aureus (stock strain) into bronchus 
on cotton plug; bronchial obstruction (16 days) ; no abscess; recovery. 
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March 4: Morphine, 0.015 Gm. Ether anesthesia. Operation. Cotton plug 
about 3 mm. in diameter tightly rolled and inoculated heavily with organisms from 
an eighteen hour culture of Staphylococcus aureus (stock strain). Firmly packed 
into a secondary bronchus of the left lower lobe through a bronchoscope. 

March 9: Indisposed. Temperature by rectum 103 F. (normal rectal tempera- 
ture for dogs from 102 to 102.5 F.). No cough. X-ray pictures show a shadow 
near the hilum of the left lower lobe. Cotton pledget still in place. 

March 12: Marked malaise. Temperature, 104.5 F. (by rectum). Persistent 
dry, hacking cough. X-ray pictures indicate increased area of consolidation. 
Cotton plug still in place. 











Fig. 8 (dog S-18).—Gross section of the left lower lobe. There is massive 
white consolidation involving almost the entire lobe, but not evidence of liquefaction 
of tissue or the formation of a cavity. The picture suggests a lobar pneumonia. 


March 19: Dog appears somewhat better today. Severe gagging cough 
persists—still not very productive. Temperature, 103.5 F. X-ray observations are 
essentially the same as on March 17. Plug still in place. 

March 22: Animal much better today. Active. Not much cough. Tempera- 
ture, 103 F. (by rectum). X-ray pictures show the cotton plug to have been 


coughed out. Area of consolidation is slightly less dense than on last examination 
(fig. 7). Animal killed. 


Autopsy.—Both pleurae dry. No adhesions. Left lower lobe slightly larger 
than the right, of essentially normal color, but quite firm, almost completely 
atelectatic. Gross section (fig. 8) revealed a large white area of consolidation 


almost completely filling the lobe, but no evidence of liquefaction or cavity 
formation. 
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Microscopic examination showed the smaller bronchioles and alveoli completely 
filled with mucus, lymphocytes and large wandering cells which resembled phago- 
cytes. There was considerable increase in fibrous tissue stroma. No evidence of 
necrosis (fig. 9). 


Bronchial Inoculation with Staphylococcus aureus After Incubation 
in a Frontal Sinus—Fresh dogs were chosen and new sinus infections 
were developed. The technic followed was the same as that used before, 








Fig. 9 (dog S-18).—Photomicrograph of consolidated area shown in figure 8. 
There is marked cellular infiltration of the alveoli, but no evidence of necrosis of 
the tissue. 


except that in these animals the sinuses were inoculated with pure cul- 
tures of Staphylococcus aureus. The infections ran the usual course 
and were allowed to suppurate for from four or six weeks. At the end 
of this time, cotton pledgets inoculated with pus coming from the 
sinuses were passed in the manner previously described into the 
secondary bronchi of six new and normal dogs. Four of these animals 
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developed abscesses which were, in all essential clinical and anatomic 
respects, similar to those previously obtained (fig. 10). 

The bacteriologic examinations in these experiments were extremely 
significant. In no case was a pure culture of Staphylococcus aureus 
recovered from the lung or pleural cavity. In each case, mixed infec- 
tions were found which strikingly resembled those in the original groups 
of abscesses; the infecting organisms including staphylococci; strepto- 
cocci; short, thick, blunt-ended, gram-positive, nonmotile bacilli and 
large motile gram-positive, spore-bearing bacilli, growing better under 
anaerobic than aerobic conditions. These were essentially the same 
pyogenic organisms as were recovered from all the preceding pulmonary 














Fig. 10 (dog S-7).—Abscess five days after intrabronchial inoculation of lung 
with material from a chronically suppurating sinus. 


abscesses. No spirochetes were found. Of even more interest, perhaps, 
were the observations in the sinuses which had been inoculated with 
pure cultures of staphylococcus six or eight weeks before. In not one 
instance was a pure culture of Staphylococcus recovered.. In each 
case, a mixed infection was found containing the same organisms as 
were recovered from the lungs. 

As a result of these experiments, two effects of the chronic sinusitis 
on the invading organisms are shown: (1) that pure cultures of bacteria 
placed in the frontal sinuses are quickly converted into mixed infections 
by secondary invaders, and (2) that these mixed infections are many 
times more powerful as infecting agents in causing abscesses than are 
the original pure strains. But it is not clear whether the power of the 
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mixed infection to induce abscesses depends on the activity of some one 
of the many organisms present or on the combined interplay of all 
the organisms present. In cases of tissue necrosis or gangrene occurring 
in other parts of the body, as for example in noma, mixed infections of 
bacteria, not unlike those obtained from these lungs, are commonly 
found; but whether this (mixed) type of bacterial invasion is the 
cause or the result of the lesion still remains to be determined. 

The repeated presence of anaerobic bacteria in both the abscessed 
lung and the chronically suppurating sinus appears particularly signifi- 
cant. In 1924, Lambert and Miller *® directed attention to anaerobic 
organisms as possible etiologic factors in the development of pulmonary 
abscesses. In eight of the ten cases of pulmonary abscess in man in 
which they performed operations, direct cultures from the cavities 
yielded anaerobic organisms only. In the remaining cases, anaerobic 
bacteria were found along with other organisms. These workers 
attempted to reproduce abscess of the lung in monkeys by the intra- 
tracheal injection of these organisms, but were unsuccessful. Whether 
or not their failure was due simply to inadequate obstruction of the 
bronchus subsequent to the inoculation remains to be seen (bronchial! 
obstruction will be discussed later in this paper ) 


THE ROLE OF THE SPIROCHETES 


One of the most noteworthy features of the development of pul- 
monary abscess in the preceding group of dogs was the complete 
absence of spirochetes. Careful examination of lungs and _ pleural 
fluid by staining and dark-field methods failed to reveal these 
organisms in any instance, and it is possible to say, therefore, that in 
the establishment of acute pulmonary abscess by aspiration in dogs, 
spirochetal infection is not an essential factor. 

In 1923, Kline* injected into the trachea of rabbits infectious 
material containing many spirochetes, taken from the carious teeth and 
lungs of a man who died of pulmonary gangrene, and obtained in two 
animals localized gangrene of the lung. Smith * injected into the trachea 
of mice, guinea-pigs and rabbits, sputum from abscesses of the human 
lung, containing great numbers of spirochetes, and obtained abscesses 
in 20 per cent of his animals. Since then, other clinical workers have 
demonstrated spirochetes in the lungs and sputum of patients with pul- 
monary abscesses, and there has been a growing tendency to ascribe to 
spirochetes the essential etiologic role in the development of these 
lesions. 


In all these studies, however, the fact has been lost sight of that 
the spirochetes were always found in company with mixed bacterial 
infections, and the possibility that these latter organisms may have been 
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the true etiologic factor has been ignored. The mere presence of the 
spirochetes in abscess of the lung has been taken ipso facto as proof 
that they were the cause of the abscess. Two bits of experimental 
work, hiowever, suggest that this may not be so. Kline,* in other studies 
on gangrene, working on guinea-pigs with the same type of infections 
as before, transmitted gangrenous abscesses of the groin from one 
guinea-pig to another to the thirty-sixth generation. While spiro- 
chetes, together with other organisms, were present in great numbers at 
the time of the original inoculation and during the first generations 
they early began to diminish in numbers and were never found after 
the twelfth generation, although the virulence of the infection and the 
destructive nature of the lesions increased progressively. In this con- 
nection, the studies of Tunnicliff *° are unique, in that this investigator 
worked with pure strains of spirochetes which had been isolated from a 
severe case of Vincent’s angina. When these organisms were injected 
in huge amounts, subcutaneously, intraperitoneally, under the mucous 
membranes of the mouth and intravenously, in rats, guinea-pigs, rabbits, 
pigeons and dogs, not a single significant suppurative lesion was 
produced. 

It is evident, therefore, from these experiments that spirochetal 
infection is not an essential etiologic factor in the production of these 
acute abscesses, although it is not inconceivable that spirochetes will be 
found to play a role in the development of chronicity in the lesions. 


THE SIGNIFICANCE OF BRONCHIAL OBSTRUCTION 


In each of the three groups of experiments thus far quoted, there 
have been a number of successful attempts to induce pulmonary 
abscesses and a number of failures, notwithstanding that, within the 
limits of each group, all the experiments have been carried out with 
the same technic, and, so far as possible, under identical conditions. 
In all of those resulting in abscess, however, there has been one common 
factor, namely, a high degree of bronchial obstruction for a more or 
less prolonged period. It seems certain, then, that this factor is of 
prime importance in the production of pulmonary abscess by aspiration 
in dogs. 

Following the introduction of a cotton plug inoculated with truly 
pathogenic organisms into the bronchus of a dog, a characteristic clinical 
course ensues. The dog -becomes listless; loses his appetite; has a 
slightly elevated temperature, and develops a dry unproductive cough. 
Roentgenograms show an increasingly dense shadow throughout the 
affected lobe. Examined at this time, the affected lobe appears larger 


10. Tunnicliff, R.: Further Studies on Fusiform Bacilli and Spirillae, J. 
Infect. Dis. 8:316 and 321, 1911. 
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than normal, is dark reddish-blue, is rubbery in consistency and drips 
blood when sectioned (fig. 11); microscopically, the bronchi are filled 
with mucus, and the alveoli with leukocytes (fig. 12). If the plug 
remains in place after the fourth or fifth day, signs of general malaise 
increase greatly, appetite is completely lost, high fever develops, 
the cough becomes more severe, changes shown by the x-ray 
pictures become more striking and the dog eventually succumbs 
to the disease (protocol 1). If, however, the plus is dislodged 


Fig. 11 (dog S-11).—Massive atelectasis of the left lower lobe three days aiter 
obstruction of the major bronchus by an infected cotton plug. 


and coughed out on the second, third or fourth day (that is, 
before the graver group of symptoms develops), a remarkable retro- 
gression of symptoms is seen. Immediately after the bronchial obstruc- 
tion has been released, the cough becomes much aggravated, gagging in 
character and productive of much thick tenacious mucus. Within 
twenty-four hours, a marked improvement is seen in the animal’s condi- 


tion, its activity is increased, its appetite is improved, its temperature 
approaches normal and the x-ray shadows are of definitely diminished 
density. The cough and expectoration of thick mucus may persist for 
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three or four days, but at the end of this time the animal is essentially 
normal clinically and according to x-ray pictures, and examination of 
the lungs does not reveal any significant pathologic change. The 
following case is typical: 

Protoco, 3.—Dog S-15. Implantation of infected plug into bronchus; massive 
atelectasis of lungs; plug coughed out; recovery. 











Fig. 12 (dog S-11).—Photomicrograph of the atelectatic lung shown in figure 
11. The bronchi are filled with mucus and the alveolus with leukocytes. The 
picture is not unlike an early stage in lobar pneumonia. 


Aug. 25: Operation—morphine, 0.015 Gm. Ether inhalation. Small tightly 
rolled cotton plug inoculated with pus from a discharging frontal sinus (dog S-1) 
tightly packed into secondary bronchus, right lower lobe. 

Aug. 27: Dog does not appear sick. Takes food well. No cough. Rectal 
temperature, 103 F. (normal rectal temperature for dogs from 102 to 102.5 F.). 
X-ray pictures show slight shadow in region of right lower lobe. Plug in place. 

Aug. 28: Dog appears sick today. Listless. No appetite. Temperature, 
103.5 F. (by rectum), but no cough. No discharge from nostrils or eyes. X-ray 
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pictures indicate marked consolidation of the entire right lower lobe (fig. 13). 
Bronchial obstruction still present. 

Aug. 30: Dog has a coarse gagging cough today and is expectorating small 
amounts of tenacious mucus. Still rather sick. Temperature, 103.5 F. (by 
rectum). X-ray pictures still show considerable consolidation of right lower lobe, 
but the obstructing plug has been coughed out. 

Aug. 31: Dog is much better today, although still coughing. Temperature is 
only 102.5 F., and dog is taking food. X-ray shadow of the right lower lobe is 
much less dense than before. 

Sept. 1: Dog practically well. Is active and eating well. Has slight persistent 
cough. No discharge from nostrils or eyes. Temperature, 102.5 F. (by rectum). 
X-ray pictures show almost complete return to normal (fig. 14). 





Fig. 13 (dog S-15)—Roentgenogram showing massive atelectasis of right 
lower lobe, three days after implantation into a bronchus of an infected cotton 
plug (protocol 3). 


Sept. 8: Dog entirely well. X-ray pictures negative. Dog killed. Pleurae dry. 
Lungs normal. 


The lesions just described appear to be true postoperative massive 
atelectases of the lungs of dogs, resembling closely the analogous condi- 
tion in man. These observations are in agreement with the experiments 
of Coryllos and Birnbaum * who contend that postoperative massive 


11. Coryllos, P. N., and Birnbaum, G. L.: Obstructive Massive Atelectasis of 
the Lung, Arch. Surg. 16:501 (Feb.) 1928; Lobar Pneumonia Considered as a 


Pneumonic Massive Atelectasis of the Lung, Bull. New York Acad. Med. 4:384, 
1928. 
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atelectasis of the lung is always the result of bronchial obstruction. 
These experiments indicate that in dogs there is a close etiologic relation- 
ship between postoperative massive atelectasis and postoperative pulmon- 
ary abscess. 

When an infectious mucous plug is present in a bronchus, the type 
of pulmonary lesion resulting depends, apparently, on two factors: 
(1) the pathogenicity of the organisms on the plug, and (2) the extent 
of the bronchial obstruction. If the mucous plug is coughed out and 
the bronchal obstruction relieved during the early days of the lesion, the 
pathologic condition rapidly clears up, regardless of the type of infection 
on the plug, and one sees the typical picture of a transient massive 








Fig. 14 (dog S-15).—Roentgenogram taken four days later than that in figure 
13, and three days after obstructing foreign body had been coughed out of bronchus. 
Lung was normal when examined several days after this picture was taken. 


atelectasis. If, on the other hand, the bronchial obstruction remains for 
a longer period, three different clinical courses are open, dependent on 
the presence and degree of pathogenicity of the organisms found in the 
mucous plug. If the plug is sterile, atelectasis persists indefinitely, 
accompanied by progressive fibrosis and shrinkage of the lung. If the 
organisms are purely pyogenic, a low grade pneumonitis results, involv- 
ing all of a single lobe, and not unlike lobar pneumonia. A typical 
example of such a lesion has been described (protocol 2), and similar 
results have been obtained by Coryllos and Birnbaum."! Finally, if the 
mucous plug remains in place but carries putrefactive organisms or 
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those tending to produce liquefaction of tissues and cavitation, abscess 
of the lung develops (protocol 1). That bronchial obstruction, however, 
is a necessary factor in the development of these lesions in dogs is 
further shown by the following experiments : 


Protocots 4 and 5.—Dog S-26. Right frontal sinus infected with Staphylococcus 
aureus; chronic suppuration for six weeks; repeated inoculation of trachea and 
bronchi with pus from sinus; no pathologic lesions. 

Dog A-2: Right frontal sinus infected with scrapings from pyorrheal cavities 
in man; chronic suppuration for six weeks; repeated inoculation of trachea and 
bronchi with pus from sinus; no pathologic lesions. 

Two dogs were used which had had chronic suppuration of the frontal sinuses 
for over six weeks. One of them had been infected with Staphylococcus aureus, 
the other with scrapings from pyorrheal cavities in man. Material from each of 
these sinuses had been used to produce abscesses in other dogs and had, therefore, 
a proved pathogenicity. 

Every other day, over a period of six weeks, under light ether anesthesia, and 
after the mucous membranes of the trachea. and the larger bronchi on the left side 
had been mildly abraded with a small bit of gauze through a bronchoscope, cotton 
pledgets heavily inoculated with pus from the discharging frontal sinuses were 
rubbed over the abraded surfaces and then removed. In neither dog did there 
develop any clinical or x-ray evidence of pulmonary suppuration, and when they 
were killed evidence of such a lesion was not found. 


It is evident from these experiments that, at least in dogs, bronchial 
obstruction is a prime etiologic factor in the production of the aspiratory 


type of pulmonary abscess. 


THE PRODUCTION OF PULMONARY ABSCESSES WITH 
ORGANISMS OBTAINED FROM DISEASED 
TEETH AND GUMS 

Two of the ten original abscesses reported in an earlier communi- 
cation * resulted from the inoculation of cotton plugs with material 
scraped from the alveolar margins of patients suffering with dental 
caries and pyorrhea, which were introduced directly, without other 
preparation, into the bronchi of the dogs. Clinically and according to 
the x-ray pictures, the courses of these two animals were essentially 
the same as those of animals developing abscesses after inoculation of 
the bronchi with material from chronically diseased frontal sinuses ; and 
the abscesses obtained did not differ essentially from those of the other 
group (fig. 15). There was a high degree of obstruction in the 
bronchus leading to the affected lobe in each case. Examination revealed 
mixed bacterial infection and numerous spirochetes in both lesions. 

These two experiments indicate that chronic infections found about 
decaying teeth and diseased gums (as well as in suppurating 
accessory sinuses) have a_ special pathogenicity for production 
of pulmonary abscesses in dogs. In this respect, the results 
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agree with the work of Smith* who obtained abscesses in the lungs 
of the smaller laboratory animals by injecting into their trachea scrapings 
from the teeth and gums of patients suffering with dental caries and 
pyorrhea. The reason for Smith’s failure to induce abscesses in dogs 
is not clear, but probably it was due to the absence of bronchial obstruc- 
tion following the introduction of his organisms into the lung. 


REVIEW 
This paper describes the experimental production of pulmonary 
abscess in the dog by the introduction of infected foreign bodies into 








Fig. 15 (dog S-1).—Abscess produced experimentally in a dog’s lung by the 
introduction into a bronchus, on a piece of cotton, of material from human carious 
teeth and diseased gums. 


the bronchi. In addition, it is a study of the etiologic relationship 
between postoperative abscess of the lung and chronic focal infections 
of the upper respiratory tract. 

Early attempts, here reported, to induce pulmonary abscess in dogs 
were unsuccessful. In later experiments, chronic suppuration of the 
frontal sinuses was produced in dogs, and the pus obtained from these 
lesions was used to inoculate cotton pledgets which were then introduced 
into the dogs’ bronchi through a bronchoscope. By this means, acute 
pulmonary abscesses were repeatedly obtained. Similar experiments, 
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carried out with material from carious teeth and diseased gums in 
human beings likewise resulted in abscesses. 


The bacteria obtained from these abscessed lungs included 
strains of ordinary pyogenic organisms, spore-bearing anaerobic organ- 
isms and spirochetes. Subsequent experiments showed that spirochetes, 
however, were not an essential factor in the development of this acute 
aspiratory type of abscess in dogs, although it remains possible that they 
may play a role in the development of chronicity in these lesions. It is 
significant that the abscesses all follow the introduction of “mixed” 
infection into the lungs, for attempts to reproduce the lesions by sub- 
stituting a single strain of organisms in place of the mixed ‘strains 
resulted only in a diffuse pneumonitis, limited to one lobe, greatly resem- 
bling a lobar pneumonia, but not showing any tendency to liquefaction 
or the formation of a cavity. Whether a combination of the organisms 
working together in mixed culture is the essential factor, or whether 
some one variety, such as the anaerobic bacteria, is the etiologic agent, 
has not yet been determined. At present, the striking and apparently 
fundamental observation is that the active agent causing pulmonary 
abscess is present in pus draining from chronic focal infections about the 
upper respiratory tract. 

Bronchial obstruction for several days following the introduction 
of even pathogenic bacterial agents proved to be indispensable to the 
development of the aspiratory type of pulmonary abscess in dogs. The 
experiments also afford interesting evidence of a close etiologic relation- 
ship between postoperative massive atelectasis and lobar pneumonia ; for 
instance, when the bronchus of a dog becomes occluded by a foreign 
body, typical massive atelectasis develops. If the foreign body is 
coughed out before two or even three days, the massive atelectasis 
clears up. If, however, the foreign body remains in place, one of three 
events follows, depending on the presence and pathogenicity of bacteria 
on the obstructing object. If the foreign body is sterile, atelectasis 
persists indefinitely, accompanied by a progressive fibrosis and shrink- 
age of the lung; if the foreign body carries simple pyogenic organisms, 
a diffuse pneumonitis develops, limited to one lobe, resembling lobar 
pneumonia in man; if the foreign body carries putrefactive organisms 
or those tending to cause liquefaction and cavitation in tissues, abscess 
develops. But no matter what organisms are introduced, obstruction 
of the bronchus is essential in the production of pulmonary abscess 
in a dog. 

CONCLUSIONS 


1. Acute pulmonary abscesses may be induced experimentally in 
dogs by the introduction of infected foreign bodies into the bronchi. 
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2. The bacteria obtained from chronically suppurating nasal sinuses 
and from the mouths of persons suffering from dental caries and 
pyorrhea are especially pathogenic for the production of pulmonary 
abscess in dogs. Spirochetes are not necessary to the development of 
these lesions. Anaerobes are usually present, but their importance has 
not been definitely determined. 


3. Obstruction to free bronchial drainage for several days after 
the introduction of infectious material into a bronchus is necessary 
to the development of pulmonary abscesses in dogs. A close etiologic 
relationship between postoperative massive atelectasis and postoperative 
pulmonary abscess suggests itself. 











BILATERAL CERVICAL RIB 


CLINICAL AND EXPERIMENTAL OBSERVATIONS ON A CASE * 
IGNAZ OLJENICK 


Circulatory disturbances are comparatively rare symptoms in cases 
of cervical rib. According to the figures published by Adson and 
Coffey,’ they were present in seventeen of 303 cases (5.6 per cent). 
Four of these seventeen occurred among 100 patients who presented 
only mild complaints which did not necessitate surgical intervention, 
while the other thirteen belonged to a group of thirty-six patients on 
whom operation had been performed. Thus circulatory disturbances 
were nine times as frequent in those patients with characteristic symp- 
toms. Other symptoms also occurred more often in the group sub- 
jected to operation, the figures for muscular atrophy being 12 and 22 
per cent for the two groups. The greater increase in the incidence of 
circulatory disturbances seems to suggest their importance as an indi- 
cation for surgical treatment. 

These vascular phenomena vary from a slight discoloration of the 
hand to gangrene of one or more fingers. In his monograph on cer- 
vical ribs, Streissler? ascribed them to compression of the subclavian 
artery and vein by the cervical rib, resulting in a partial or complete, 
temporary or continuous impairment of the venous flow and especially 
of the arterial supply of the upper extremity causing changes in the 
pulse, thrombosis of the arteries, the formation of an aneurysm and 
trophic changes. In the same article, he claimed that there is no doubt 
that the pressure of the cervical rib on the vessels plays an important 
part, for no circulatory disturbances occur unless the artery has to run 
over the rib. However, special conditions must supervene to produce 
such phenomena, as the mere presence of a cervical rib need not neces- 
sarily cause any symptoms. Repeated minor traumas caused by normal 
and forced inspirations, particular movements of the arm, pressure of 
garments or loads carried on the shoulder and many other circumstances 
may cause the onset of symptoms at any age. Gordon * explained the 
effect on the artery not only by pressure but by a disturbance of the 
vasomotor nerves. Adson? remarked that one can demonstrate how 
the scalenus muscle compresses the subclavian artery from one half to 
one third of its normal size, the pressure being transmitted posteriorly 
and laterally to the lower and middle trunks of the brachial plexus as 





*From the Surgical Clinic of the eter Bent Brigham Hospital, Boston. 

1. Adson, A. W., and Coffey, J. R.: Cervical Rib: A Method of Anterior 
Approach for Relief of Symptoms by Division of the Scalenus Anticus, Ann. 
Surg. 85:839 (June) 1927. 

2. Streissler, E.: Die Halsrippen, Ergebn. d. Chir. u. Orthop. 5:280, 1913. 
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they lie on the cervical rib. The degree of compression depends directly 
on the width of the scalenus anticus attachment and the angle of the 
cervical rib which determine the width of the space between the lateral 
portion of the muscle and the rib. The circulatory changes are caused 
by constriction of the subclavian artery or subclavian vein, obstruction 
of the radial and ulnar arteries by emboli from thrombosis at the site 
of constriction or possibly by disturbance of the sympathetic innerva- 
tion. Adson is convinced that tenotomy of the scalenus anticus muscle 
at its insertion is preferable to the resection of the cervical rib since it 
immediately relieves the subclavian artery and the brachial plexus from 
pressure and irritation. 


The case presented here is one of bilateral cervical rib with unilateral 
symptoms in which this simple division of the scalenus anticus was 
carried out. Although this procedure immediately freed the subclavian 
artery from pressure and permitted it to slide downward along the 
cervical rib, no prompt relief from the circulatory disturbances was 
obtained since the vessel was found to be thrombosed. 


During the patient’s stay in the hospital a thorough investigation of 
the circulation under various conditions was made. Plethysmograms, 
sphygmograms and skin temperatures furnished objective data, present- 
ing excellent material for comparative study of the affected and the 
normal sides. 


REPORT OF CASE 


History —Nelly P., aged 24, single, a telephone operator, was admitted to the 
Peter Bent Brigham Hospital on March 8, 1928, complaining of occasional dis- 
coloration and numbness of the four ulnar fingers of the left hand. She was 
referred by Dr. D. L. Lynch of Boston. The family and past histories were 
irrelevant. 

Discoloration of Fingers: About three and a half to four months preceding 
admission, the patient noticed, while going home from her work on a cold night, 
that the little finger of her left hand had turned numb and wite, remaining so 
for about ten minutes. The condition recurred occasionally unitl some weeks after 
the onset all the fingers of the left hand except the thumb turned white and numb. 
This happened especially when it was very cold and would last twenty minutes at 
the utmost. About three months before admission, she noticed that the left arm 
would tire easily. Her hand would often turn white and cold, when using it 
strenuously and especially when working overhead. After resting it a few minutes 
the normal color would reappear and she could continue her work. The same 
discoloration would manifest itself when she was engaged in housework, such as 
making up beds, or while washing her hair, particularly when she reached at the 
back of her head. 

Fatigue and Pain in the Left Shoulder and Left Arm: Two months before, 
while on evening duty, the patient noticed that her left arm felt extremely tired, 
more so than it had ever done. She could not put the plugs into the switchboard, 
especially when they were overhead, and was forced to give up her work ten 
minutes ahead of time. That night she noticed a fairly severe pain in the left 
shoulder radiating down the arm to her fingers. In the morning the pain had gone. 
She continued doing her work for two days, experiencing the same difficulty, 
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particularly in work overhead. Since then, on the advice of her physicians, she 
had not returned to her work. The pain came back occasionally during one week 
only, but the fatigue continually returned after the slightest exertion. 

During the last month the left forearm had gradually grown smaller. The 
patient had to readjust the strap of her wrist watch a couple of times. 

Loss of Sensation of Temperature-Stimuli: One week before admission, the 
patient put her left hand into cold water, but thought that it was warm. This 
happened only once. 

There was no change in her condition notwithstanding the two months’ period 
of rest. 


Examination—The results of the physical examination were negative except 
for the following observations: There was a definite sinus irregularity with a 
faint systolic bruit at the base of the heart, but no enlargement. The left pupil was 
larger than the right, but both reacted normally. 

Comparative Examination of the Right and Left Arms: No difference in 
color was noted at the first examination. During the observation a marked pallor 
of the left hand and the fingers was frequently seen, especially when the patient 
went out into the open air, but also, without any apparent cause while she was 
resting in bed. At times the left hand became cyanosed and remained so for a 
whole day. There were no trophic disturbances of the skin and no edema. The 


left upper arm and forearm were decidedly smaller. There was no difference in 
length. 


TABLE 1.—Measurements of Right and Left Arms 


Right, Inches Left, Inches 


CipataGavemee OF ME GEG. .< oc ck i dente vcctnacmecisecetauvess 9% 84 
Cireumference of forearm just below the elbow............... Ge & 
CI: CD iran ie ik is eee hnnc hic Wvitesbtias 64 6 

Cireumference of hand around the palm.................. wee 7% 7% 


The brachial, radial and ulnar pulses were distinct on the right side, but absent 
on the left, although the brachial artery was easily palpated all along the internal 
bicipital sulcus down to the cubital fossa, while the radial and the ulnar vessels 
were not felt. In the right arm, the systolic blood pressure was 115, the diastolic 
75; none obtained in the left arm. The muscles of the shoulder girdle were equal 
on both sides. All the other muscles of the upper part of the arm, forearm and hand 
showed less power on the left than on the right. No sensory disturbances were 
made out at the first examination. However, during the periods of discoloration, 
sensation was impaired in the white or bluish areas. The reflexes were about 
equal on both sides. Electric examination revealed normal and equal reaction on 
direct and indirect faradic and galvanic stimulation. Examination of the supra- 
clavicular region revealed a very marked bony resistance on the left side. The 
brachial plexus ran over this bony prominence, as was evidenced by the typical 
pain radiating down to the lateral side of the scapular region and along the ulnar 
side of the whole arm on pressure. A similar but less marked resistance was found 
in the right supraclavicular fossa. The right brachial plexus was also felt. While 
no arterial pulse was noticed on the left side, the pulsating right subclavian artery 
was easily palpated. In no position of the left arm could a pulse in any of the 
arteries be felt nor could a pain similar to pressure pain on the brachial plexus 
be elicited. The same applied to the right side, where no impairment of the 
blood flow nor irritation of the plexus could be produced by movement of the 
arm. X-ray films of both shoulders showed bilateral cervical ribs, each articulating 
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with the first thoracic rib just behind the clavicle. The right cervical rib appeared 
to go straight anteriorly; the left one was thinner and had a more oblique direction 


(fig. 1). 


From the history and this preliminary examination it appears that 
the atrophy and the functional impairment were not restricted to a par- 
ticular group of muscles but involved the whole left arm. Sensory 
disturbances only occurred simultaneously with vascular phenomena, 
both being equally transitory. Their distribution was not of the plexus 








Fig. 1—Bilateral cervical ribs, each articulating with the first rib just behind 
the clavicle. 


nor of the peripheral type. Although the roentgenogram confirmed 
the presence of bilateral cervical ribs, only the left one produced symp- 
toms, these being solely circulatory. The condition indicated a serious 
impairment of the arterial blood supply to the whole arm, especially so 
to its peripheral parts. 

The influence of cold and heat on the circulation in the two arms 
was examined. 


1. When the patient held both hands quietly, without movement, in cold tap- 
water for ten minutes, differences in color or temperature between the left and 
right sides did not result. Only after drying her hands the finger-nails of the left 
hand turned definitely cyanotic, resuming a normal color after a few minutes. 
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2. When both hands were washed in cold water, a pallor and numbness of the 
whole left hand developed, most marked in the four fingers. 


3. No difference was observed after both hands were held in warm water. 


Plethysmograms of both hands were recorded simultaneously with 
Mackenzie’s polygraph. The patient held in each hand a stiff rubber 
bulb ending in a small tube, by bending her fingers over it without 
squeezing. The whole hand with the bulb was wrapped up tightly with 
a wide flannel bandage leaving the tube-ending free (Wiersma’s 
method *). This bulb was connected by means of an intermediary 
glass and a stiff rubber tube with the tambour of the polygraph. An 
increase in volume of the hand produced some pressure on the rubber 
bulb and the resulting displacement of the air in the tambour raised the 
lever; a decrease in volume lowered the lever (fig. 2). A fair tracing 
was obtained on the right; no plethysmogram was secured on the left, 
indicating that no measurable changes in volume were present. This 
test was repeated with a similar result. 

Comparative studies® of the circulation in the two arms under 
various conditions were frequently made with Benedict’s® thermo- 
electric method. 

The temperatures of the skin were taken at rest, while covered or 
uncovered, after cooling without and with exercise, after slight move- 
ments, as undressing, and after different kinds of strenuous exercise of 
the arms or hands. Closing and opening both hands, thrusting both 
arms up and down, pulling herself up and down in bed by means of an 
iron crossbar overhead were chosen as regular exercise and were con- 
tinued until exhaustion. 


These records of the temperature of the skin permit the following 
deductions : 


1. When there was no loss of heat, the arms being covered, fhe 
blood supply of the left hand was relatively sufficient, as evidenced by 
only slight differences in temperature between the two sides (fig. 4). 
When there was loss of heat, both arms being uncovered, the blood 
supply of the left hand was inadequate,,as shown by its considerably 


lower temperature as compared with the right hand (fig. 3). 


2. Symmetrical cooling of the hands by holding them quietly under 


tap-water or by an alcohol rub resulted in a greater fall of the higher 
temperature on the right side. The effect of equal vasoconstriction on 


4. Wiersma, E.: Bewustzynstoestanden en polscurven, Psychiat. en Neurol. 
Bladen. 15:499, 1912. 

5. For more exhaustive report see Oljenick, T.: Studies on Peripheral Circu- 
lation under Various Conditions, to be published. 

6. Benedict, F. G.: Die Temperaturen der menschlichen Haut, Asher-Spiro’s 
Ergebn. d. Physiol. 84:594, 1925. Benedict, F. G.; Coropatchinsky, V., and Finn, 
M. D.: Etude sur les mesures de temperature de la peau, J. d. physiol. et de path. 
gén. 25:1 (March) 1928. 
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both sides necessarily resulted in a greater diminution of the skin tem- 
perature on the right side as a larger blood supply was shut off. It 
practically wiped out the difference between the two sides. That the 
right hand usually was slightly warmer was presumably due to a better 
circulation in the deeper vessels (fig. 5 A). 

3. Return to normal after the cooling was stopped was much delayed 
on the left, due to the inadequate blood supply to the peripheral vessels. 
The quick rise to the original temperature of the right hand may be 
attributed to the reflex dilatation of the capillary system after the previ- 














Fig. 2—Showing the two rubber bulbs, the glass and rubber connections and 
Mackenzie's polygraph with the two tambours and the time recorder. 


ous vasoconstriction, which may have occasionally led to a temperature 
above that at the onset (fig. 5 A). 

4. Bilateral exercise of the hands or arms led to a diminution of 
the temperature of the skin of both hands below normal, but much more 
marked on the left side, which turned very cold, pale, dry and numb 
(fig. 5B and C). If this exercise was started while the capillary 
system of the skin was dilated, consequently containing an unusually 
large amount of blood, the decrease might result in a normal tempera- 
ture. Slight and easy movements as undressing represented sufficient 
exercise to result in a considerably lower temperature of the left hand. 


5. The influence of muscular exercise of the arm on the temperature 
of the hands was practically none, or hardly noticeable, when the blood 
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Fig. 3—Nelly P., March 22, 1928. Skin temperatures of the right (solid 
line) and the left (broken line) sides taken after a short rest while both arms 
were uncovered. The difference in temperature was particularly marked on the 
volar side of the hand. 
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Fig. 4.—Nelly P., March 28, 1928. Skin temperatures of the right and left 
arms. The solid lines connect the skin temperatures (right and left) after resting 
thirty minutes while both arms were covered. The dotted lines connect the 
skin temperatures after the patient washed her hands in cold tap-water for five 


minutes. Note the extreme fall of the temperature of the finger-tips on the 
left side. 
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flow was already insufficient at the onset. Under such conditions only 


prolonged exercise might eventually show its influence, and then solely 
in the most sensitive parts—the finger-tips. 


6. Exercise and cooling combined, washing her hands in running 


tap-water, resulted in an excessive drop of the skin temperature, par- 


ticularly of the left hand and consequently in a too extreme deflection 


of the galvanometer to permit accurate measurements. Even aften ten 
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Fig. 5—Nelly P., March 26, 1928. Skin temperatures of the right (solid 
line) and left (broken line) thenar, hypothenar and index finger-pad. A shows 


the decrease of the temperature after cooling both hands in cold tap-water without 
moving and the consecutive rise. 





Note the delay in the return to normal tem- 
perature on the left side, particularly marked on the index finger-pad. B and C 


show the fall of the temperature after exercise of both hands and both arms. 


minutes when the temperature had risen considerably, its diminution 


was still important. Maximum decrease of the right hand was 10.9 C.; 
on the left side, 18.7 C. (fig. 4). 


7. The lesser difference in temperature between symmetrical points 
of the dorsum of the hands as compared with the volar side was due to 
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its normally lesser blood supply and cannot be attributed to the fact 
that the temperatures of the dorsum were systematically taken last 
(fig. 4). A series recorded in reverse order confirmed this. 

Diagnosis —The symptomatology of this case resembled closely that 
seen in intermittent claudication, the patient usually having no com- 
plaint when at rest, provided there was no great loss of heat, while 
infallible signs of an inadequate peripheral circulation in the left hand 
appeared as soon as she exercised her arm. The figures obtained in the 
skin temperature tests as well as the absence of a plethysmogram on the 
left side confirm the subjective and objective symptoms of an inefficient 
collateral circulation in the absence of any blood supply through sub- 
clavian, brachial, radial and ulnar arteries. A disturbance of the vaso- 
motor nerves need not be considered, as this will never lead to the 
disappearance of the pulse in as large an artery as the subclavian. No 
neurologic signs being present, the diagnosis of circulatory disturbances 
only, due to the left cervical rib, was made. 


Operation —Division of the scalenus anticus insertion was performed by 

Harvey Cushing, on April 3, 1928, under procaine hydrochloride anesthesia 
after preliminary injection of morphine-scopolamine. A curvilinear thyroid inci- 
sion was made followed by division of the outer portion of the sternocleidomastoid 
muscle ; exposure of the subclavian and jugular veins at their junction together with 
the cervical portion of the thoracic duct; division of the scalenus anticus at the 
tubercle Lisfranc exposing solidified artery. 


Dr. 


The scalenus muscle retracted after division at its point of attachment, showing 
the artery being unquestionably closely imprisoned by a few dense bands, the 
extension of the muscular sheath. Very little dissection was necessary to bring 
the artery into view. As soon as it was completely freed, it was seen to slide down 
from an unusually high position. Even after dissection of its dense sheath the 
artery showed scarcely any pulsation, nothing more than a slight heave suggesting 
a transmitted pulse from its more central portion. Palpation of the outer part 
where it overlay the cervical rib proved it to be hard and solid, presumably 
thrombosed. The brachial plexus was felt lying over the palpable rib, being much 
more superficial than usually. 


The operation undertaken with the idea of following Adson’s * sug- 
gestion to relieve the symptoms caused by cervical rib by simple division 
of the scalenus anticus insertion proves to be a satisfactory procedure as 
far as freeing the subclavian artery and eventually the brachial plexus 
from pressure is concerned. That the operation did not result in any 
immediate improvement of the circulatory disturbances in this case was 
due to a complete thrombosis of the subclavian vessel. The gradual 
obliteration of the artery allowed time to establish a collateral circula- 
tion by way of the transverse cervical and suprascapular arteries, which, 
however, proved to be insufficient. The operative observations showed 
that this artery had to make a much higher and smaller loop as it crossed 
over the cervical instead of over the first thoracic rib (fig. 6). 
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Owing to its straight instead of curved form, the cervical rib 
makes a very small angle with the scalenus anticus. It is readily 
acknowledged that the subclavian artery is easily traumatized in this 
narrow passage, the more since the insertion bands of the anterior 
scalenus prevent its escape from pressure. Instead of a wide triangular 
area between the anterior scalenus, the middle scalenus and the first rib, 
only a small irregular space bordered by the anterior scalenus in front and 
the either curved or straight cervical rib laterally and behind is available 
for the passing of subclavian artery and brachial plexus, which adds 
considerably to the danger of compression on particular movements of 
the shoulder. Another danger arises from the abnormally high and 
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Fig. 6—Schematic drawing of the topography of the lower part of the 
posterior triangle of the neck. The dotted line indicates the position of the 


subclavian artery in the case reported, showing the high and narrow loop where 
it crosses over the cervical rib. 


V.Subclavia 


narrow loop of the vessel, which favors the origin and the development 
of circulatory disturbances. 


Postoperative Course—The patient made a rapid, uneventful recovery from 
the operation. On the tenth postoperative day a very feeble radial pulse was felt 
for the first time, which, however, appeared to be inconstant. No pulsation what- 
ever could be made out in the subclavian, brachial or ulnar arteries. For the fol- 
lowing six days there was no change, the pulse being too weak and too irregular 
to be counted. After that it became gradually stronger, while there was no return 
of the pulse in the other palpable vessels nor any improvement in the circulation 
when the patient used her arm. 


April 24, 1928: A series of skin temperatures taken after a short rest follow- 


ing slight movements showed equal temperatures of both hands throughout with 
the exception of the finger-tips on the left side, which were from 0.7 to 1.7 C. 


« 
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colder than on the right side. After cooling without movement in running tap- 
water, practically the same temperature was found on both hands, but only the 
finger-tips of the left side were white. No exercising tests were done to avoid 
any possible traumatism, which might interfere with canalization or organization 
of the thrombus. 

April 25: The patient was discharged. No further changes were observed in 
the last week except a further increase in the radial pulse, although no plethysmo- 
grams of the left were as yet available. 


The patient reported fourteen times between April 25 and Sept. 1, 
1928. The most important observations are discussed. 


Subsequent Course—May 11: The left hand tired very rapidly, although no 
more spontaneous discoloration was noticed. Only when the arm was exercised 
or exposed to cold did the whole hand, more especially the four ulnar fingers, get 
white and numb. Examination showed the radial pulse to be slightly stronger 
while the tendency to fatigue appeared to become less pronounced. During 
strenuous muscular exercise of the upper part of the arm mostly, the pulse disap- 
peared. It took seventy-five seconds before it was again palpable and fully two 
minutes to regain its original strength. No influence on the radial pulse was 
observed after cooling while the hands were kept quiet, although the left hand 
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Fig. 7—Nelly P., June 12, 1928. Simultaneous plethysmograms of both 


hands showing a normal curve on the right and an abnormal tracing on the 
left side. 


seemed to be much colder than the right. Skin temperatures showed the left hand 
to be considerably colder than the right after equal exposure in the room. 
in tap-water resulted in practically the same temperature on both sides. 

June 12: The patient reported that her left arm was slowly improving. It 
was getting somewhat stronger. Although she was an expert swimmer she could 
make but a few strokes, as almost immediately her left arm became tired and her 
hand turned white, cold and numb. 


Cx voling 


This was the first time that a plethysmogram of the left hand was obtained 
(fig. 7). It was very low and lacked all the characteristic sharp angles and salient 
points of the normal plethysmogram of the right side. No pulse was felt in any 
of the other arteries. 


Owing to the insufficient blood supply, no satisfactory results were 
obtained with an ordinary plethysmograph. Mackenzie’s polygraph 
was used again, as it has the advantage of recording simultaneously the 
changes in the plethysmograms of both hands under various circum- 
stances. Furthermore, it can be easily connected and disconnected 
allowing the arms to move frecly and enabling one to keep the pressure 
in airbulb-tubing-tambour apparatus the same. 
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June 15: After bending and stretching both arms simultaneously against 
resistance’ for one and a half minutes the right plethysmogram was definitely 
lower and less pointed at the top (fig. 8). It gradually returned to normal in about 
two minutes. The left tracing presented at first a straight line without any elevation 
except some tremor-like irregularities which, however, were not synchronous with 
the pulse. After two minutes a slight trace of a plethysmogram showed, which 
immediately increased after the hand had been rested comfortably on the thigh. 
This enlargement appeared to be due to transmission of the femoral pulse, as it was 
discontinued as soon as the hand was put back on the bed. Four minutes and 
fifty-two seconds after the exercise was stopped a definite plethysmogram was 
recorded on the left side. When the experiment was repeated, both arms became 
tired after the exercise. Both plethysmograms showed to have disappeared, the 
right one reappearing thirty seconds after the exercise was stopped, but being much 
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Fig. 8—Nelly P., June 15, 1928 (experiment 4). Simultaneous plethys- 
mograms of both hands recorded with Mackenzie’s polygraph. Tracing 1 shows 
a normal plethysmogram of the right hand and an abnormal plethysmogram of 
the left hand; after two minutes’ exercise the right was much lower than before 
exercise, while no plethysmogram was obtained on the left side. Tracing 2 shows 
the right plethysmogram increased in height while the left began to show; 
this began about two minutes after the exercise was stopped. Tracing 3 was 
obtained while the patient was resting the left arm on the thigh, but the tracing 
was derived from transmission of the pulse of the femoral artery. Tracing 4, 
taken four minutes and fifty-two seconds after the exercise was stopped, shows 
that a definite though abnormal plethysmogram was reobtained on the left side. 





7. During this exercise the forearm was held in semipronation, allowing the 
resistance to be exerted alternately against the radium and the ulna to avoid 
pressure on the blood vessels. 
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lower than normal. A normal plethysmogram was obtained on the right side after 
three minutes and four seconds. Only a very slight trace of a pulse wave was 
seen off and on on the left side during the first minute. It took fourteen minutes 
and twenty-six seconds before a definite plethysmogram was recorded. 


These tracings present objective evidence that muscular exercise of 
the upper part of the arm resulted in temporarily lowering the blood 
volume changes in the hands, even of the normal arm. The return to a 
plethysmogram as recorded before the onset of the exercise was much 
delayed on the left side. Prolonged exercise leading to fatigue was 
seen to result in a temporary complete disappearance of the plethys- 
mogram. 


TABLE 2.—Measurements of Right and Left Arms 





Before After Three Minutes Exercise 
Exercise——— —_________—— —__+~- — — 
Beiicccss Te 10h 10h 10h 10h 10h 10h 10h 10h 10h 10h 10h 
2 ¥ 7’ 746" =u” 8/9” ¥ 1” lv 1y 1y 19°30” 
Height of the 
plethysmo- 
gram in mm. 
Right..... 4.25 1.25 1.75 1.50 1.25 1.50 1.90 2.50 2.25 2.75 2.40 2.40 
i. 3.75 1.50 2.50 2.00 1.50 2.00 2.90 3.40 3.25 3.55 3.25 3.40 
Pulse rate... 76 94 78 93 97 9 84 78 S4 81 81 78 
TaBLeE 3.—Measurements of Right and Left Arms 
Blood Pressure Brachial Artery 106/66 
— —— gr rn —EEE ——— ~ 
Pressure in the Cuff, Average Height of the Plethysmogram, 
Mm. of Mercury Mm. 
0 2.5 
66 2.1 
78 1.6 
106 0 
80 1.6 
66 2.1 
24 2.5 
0 2.5 


A series of experiments was started to investigate further the influ- 
ence of muscular exercise of the shoulder and upper part of the arm 
on the circulation of the hand in apparently normal persons. These 
experiments fully confirmed the observations that the plethysmogram 
of the hand decreases temporarily as a result of this muscular activity. 

Furthermore, there appears to be an inverse relationship between the 
height of the plethysmogram and the frequency of the pulse which 
in spite of some slight variations is practically constant (table 2). 

Similar variations in height are observed in the plethysmogram 
according to the amount of pressure exerted on the upper part of the 
arm by means of air blown into an aircuff of an ordinary. blood pressure 
apparatus (fig. 9). As is illustrated in table 3, the plethysmogram has 
already decreased in height when the pressure in the cuff is raised to the 
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diastolic blood pressure. Gradual increase in pressure lowers the 
plethysmogram until no more tracing is obtained when the pressure in 
the cuff equals the systolic blood pressure. No influence is observed 
unless the pressure in the aircuff is well above the venous pressure which 
leaves only a small range until the relatively low diastolic blood pressure 
is reached. 

Although these changes in the plethysmogram appear to be the same, 
their cause cannot possibly be identical. Compression leads to venous 
stasis, dilatation of the veins and of the capillaries and swelling of the 
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Fig. 9—M. C., June 21, 1928. Blood pressure 106 systolic and 66 diastolic. 
Tracing 1 shows plethysmograms recorded during compression of the upper part 
of the arm and tracing 2 after bending and stretching both arms against resistance 
until exhaustion. They appear to have many points of resemblance. The decrease 
of plethysmogram increases with the amount of pressure exerted. Twenty 
seconds were necessary to reconnect the tubing after the exercise was stopped. 


surrounding tissues. This represents a considerable resistance for the 
arterial inflow. Furthermore, this dilatation of the venous system pre- 
sumably causes a vasomotor reflex, resulting in vasoconstriction of 
the corresponding arteries. Muscular exercise of the upper part of the 
arm, on the other hand, does not primarily induce venous stasis. 

June 30: In the following experiments the influence of exercise 
alone and in combination with compression of varying strength was 
investigated in the patient’s right arm. 





NORMAL PLETHYSMOGRAM 
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Fig. 10.—Nelly P., June 30, 1928 (experiment B). The tracing shows the 
changes of the plethysmogram of the right hand after bending and stretching the 


arm against resistance until exhaustion (EZ, two minutes ten seconds). Twenty 


seconds were necessary to reconnect the tubing. After a marked decrease in shape 


and size the plethysmogram gradually returned to normal after four minutes thirty- 
four seconds (N). 
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The blood pressure (brachial artery) was 120 systolic and 90 diastolic. Bending 
and stretching induced extreme fatigue in the arm after two minutes and ten 
seconds. The plethysmogram diminished considerably in height and gradually 
regained normal size and shape in four minutes and thirty-four seconds (fig. 10). 
In the second experiment, the aircuff was blown up until the manometer indicated 
90 nm. of mercury when the arm was stretched. Every time the arm was bent 
the contraction of the flexor muscles raised the pressure in the aircuff to from 
120 to 130 mm. of mercury, causing a repeated temporary, but complete arterial, 
obstruction in addition to the constant impediment of the venous reflow and the 
moderate impairment of the arterial inflow. Exhaustion set in after the exercise 
was carried on for one minute and forty seconds only. The changes in the 
plethysmogram were similar to those recorded after exercise alone, even the time 
elapsing before a normal plethysmogram reappeared was practically the same, four 
minutes and twenty-one seconds. In the third experiment, which was started 
immediately after the second, the pressure in the aircuff was lowered to 80 mm. 
of mercury, being 10 mm. below the diastolic blood pressure. Again the contrac- 
tion of the flexor muscles raised the pressure to 120 mm. of mercury. Exercise 
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Fig. 11—Nelly P., June 30, 1928 (experiment D). Pressure equivalent to 
80 mm. of mercury was exerted on the upper part of the right arm during 
this experiment. Bending and stretching of the right arm against resistance was 
carried on for forty seconds when exhaustion set in. The plethysmogram recorded 
immediately after reconnecting the tubing presented a straight line until fifty 


seconds after the exercise was stopped a gradual return to a practically normal 
plethysmogram began. 


was continued for forty seconds only. The tracing obtained after reconnecting 
the tubing was a straight line at first but after fifty seconds the plethysmogram 
began to reappear (fig. 11). 


The tracings show that exercise of the muscles of the upper part of 
the arm led more rapidly to a diminution of the plethysmogram after 
pre-existing stasis. The reappearance of a normal, or at least fairly 
normal, plethysmogram proves that the flattening observed in this series 
of experiments was not due solely to the constant stasis—dilation of 
the venous pathways and the capillaries as well as swelling of the sur- 
rounding tissues—but also to a temporary decrease of the arterial blood 
supply to the hand. A comparison with the experiment in which only 
pressure was exerted indicates that the diminution of the arterial blood 
supply of the hand was caused by the exercise. 
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That exhaustion set in after exercise of a much shorter duration— 
one minute and forty seconds, and forty seconds respectively—was 
presumably due to the accumulation of lactic acid, the insufficient blood 
supply and to the stasis which was even increased since the lowering of 
the pressure in the aircuff allowed an improvement of the arterial inflow. 


July 2, 1928: The patient reported having improved a great deal. Her left arm 
tired less rapidly after exercise than before. It still became cold and numb, 
especially when exposed to cold water. This was very marked when she tried to 
swim. After a few strokes her hand got white, cold, numb and tired, forcing her 
to give it up, while it took a fairly long while before this condition set in when 
the patient was just bathing. On examination, the left radial pulse was still 
weaker than the right. No pulse was felt in the other arteries on the left side. 
In a series of experiments the reducing influence of exercise of the muscles of the 
upper part of the arm on the plethysmogram was recorded simultaneously on both 
sides. Repeated skin temperatures showed that there was very little difference 
between the two hands at rest, while the delay in the return to normal on the left 
side after cooling had practically gone. However, even after slight exercise the 
difference between the left and right hands would reappear. 

July 9 and 19: To avoid any possible influence of the touch of the running 
tap-water, cooling was effected by means of an electric fan placed at the lower 
end of the bed. The skin temperatures showed that apart from the influence of 
the position of the fan both cold stimuli had the same effect while the return to 
normal was practically the same on both sides (fig. 12). 

August 7: For the first time a pulse was felt in the left brachial artery, 
although very faintly. However, the wall of the vessel was easily palpated. The 
left radial pulse had further increased in strength, though it was still small as 
compared with the right. The left subclavian pulse was not felt while the carotid 
was normal. The pulse in the left arm seemed to get larger going peripherally. 
The blood pressure in the right brachial artery was 132 systolic and 90 diastolic, in 
the left 100 systolic and 70 diastolic. On the left side, the sounds were muffled 
and had a duration like a bruit.° 

August 9: Repeated simultaneous plethysmograms of both hands showed the 
effect of muscular exercise of the upper part of the arm to be more marked on 
the left plethysmogram which was much lower than on the right. The left radial 
pulse diasppeared for two minutes after the patient had pulled herself up and down 
in bed twenty-five times. The pulse rate had gone up from 96 to 108 during this 
exercise. 

August 17: Radial sphygmograms recorded simultaneously on both sides showed 
the left to miss the characteristic quick rise, the sudden decline and the dichrotia. 
Muscular exercise of the upper part of the arm resulted in a lowering of the 
right as well as the left sphygmograms (fig. 13). 


As circulatory disturbances had never been noticed in the patient’s 
right arm, it is almost unacceptable that the changes in the sphygmogram 
on that side were due to the cervical rib. Nevertheless, these experi- 
ments were repeated in apparently normal persons, also resulting in 
diminution of the height of the sphygmogram after exercise. 


8. Dr. S. A. Levine saw the patient with me. 
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August 31: The patient reported that she had practically no more complaints, 
except while bathing and particularly while swimming. The left arm was growing 
stronger and thicker. She had not returned to work. Examination showed that 
there was no difference in color or temperature between the left and right hands. 
The subclavian and the ulnar pulse had not returned, the brachial pulse was just 
as faint as when it was felt for the first time, while the radial was stronger. 
Muscular force had definitely increased and exercise could be continued much 
longer than before. 


Comparative examination of four series of skin temperatures 
showed the considerable influence of the temperature of the sur- 


roundings. 





lst fingerpad 
Hypo thenar 

-” 
Dorsum of hand 
Intemal malleolus 


2nd 

Sra 

4th 

Sth 
| 1st knuckle 


Thenar 

| Palm 

| Olecranon 
Clavicle 
Chest 
Knee 


| @rd 
5th 


| 


S| Cubi tal vein 


., 





35 
345 
3+ 
335 
33 i 


325 it 
32 AX [;t 
Bis v4 j ; \ 


es * oe %* 


‘' 
30 | i \ . 
295 «4 \ 
219 ll ' \ 


4a5 ~ | a ; (4 

26 NY 8 / \/ 
N - 

275 ‘se ¥ 3 

27 ag 

265 4 

206 

255) 

25 is 

245, *s , 


ro . Right oa Left 
: | 


Fig. 12—wNelly P., July 9, 1928. Skin temperatures: the solid line indicates 
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the temperature curve at rest; the broken line, after cooling with an electric 
fan at the lower end of the bed, and the interrupted line twenty minutes after 
the cooling was stopped. There was very little difference between the right and 
the left hand at rest. The delay in the return to normal after cooling had 
gone, the record showing the same temperature on both sides after twenty minutes. 
The room temperature was 25.3 C. 


In addition to those taken on July 9 and 19, two more series of skin tempera- 
tures were recorded on August 25 and 31, the temperature of the room being 
25.3 C., 30 C., 26 C. and 288 C. on these four days respectively. The series 
of July 19 and August 31, taken after the patient had been resting in bed for 
awhile, covered with a blanket, presented practically equal temperature of the 
hands, while those recorded on July 9 and August 25 showed that the whole left 
hand, particularly the fingers, were colder than the right. The average tempera- 
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tures of the finger-tips recorded on the two hot days were 35.8 C. and 34.3 C., while 
on the two cooler days the corresponding temperatures were found to be 28.9 
and 29.9 C. on the right, and 27.2 and 263 C. on the left. The return to 
the original temperature was practically equal in the series recorded on the first 
three days when cooling was effected either by an electric fan or by tap-water ; 
on the other hand, on the fourth day when the fall of the temperature was caused 
by exercise the return to normal was delayed on the left as compared with 
the right (fig. 14). 

Two kinds of exercise were performed until the patient became tired: 
(1) bending and stretching both arms against resistance, (2) pulling herself 
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Fig. 13—Nelly P., Aug. 17, 1928. Simultaneous sphygmograms of the right 
and left radial arteries: 1, at rest; 2, immediately after bending and stretching 
both arms against resistance for one minute; 3, after raising and lowering both 
arms until exhaustion set in. At rest the left sphygmogram was lower than the 
right and missed the characteristic quick rise, the sudden decline and the dicrotia. 
Note the diminution of the sphygmograms after exercise. 


up and down by means of the iron crossbar above her head. Both resulted in 
considerable changes of the radial pulse, which became feeble on the right side 
and disappeared on the left. The left hand was white, cold and dry as compared 
with the moist right hand. Both radial pulses gradually increased as soon as 
the exercise was stopped. About two minutes elapsed before they had regained 
their original character. 
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The diminution of the radial pulse after muscular exercise, espe- 
cially of the upper part of the arm, suggested an investigation of the 
influence of movements of the forearm and hand. 


Vigorously closing and opening the hand resulted in a considerable diminution 
of the radial pulse which might even temporarily disappear if the exercise were 
continued until the hand was very tired. It took quite a while, presumably 
dependent on the duration and vigor of the exercise and on the cardiovascular 
apparatus, before the pulse returned to its original condition. However, when 
the pulse was felt immediately after the last movement, it appeared to be stronger 
than at the onset of the exercise. After a few—two or three—powerful beats 
there was an abrupt drop in the strength of the beat, until a minimum was 
reached after about fifteen seconds, then gradually the pulse regained its original 
character. 
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Fig. 14—Nelly P., Aug. 13, 1928. Skin temperature: In I, the solid line 
indicates the temperature of the left side when the patient is at rest, and the 
heavy solid line, the temperature of the right side. In II, the broken line 
indicates the temperature of the left side from one to twelve minutes after the 
patient bends and stretches both arms against resistance for two minutes; the heavy 
broken line refers to the right side. In III, the temperature series was taken from 
seventeen to twenty-eight minutes after the exercise, the temperature of the left 
side being shown by the interrupted line and of the right by the heavy interrupted 
line. The room temperature was 28.8 C. 

Note the practically equal temperature at rest, the diminution of the temperature 
in the fingers on the right side, while the other points had already risen again, 
the more marked fall in the temperature in the fingers of the left hand and the 
slighter difference on the dorsum. There was some delay in the return to normal 
on the left side. 


Already after a few muscular movements the hand turned pale, which discolora- 
tion increased with the continuation of the exercise. This pallor subsided rapidly. 
Skin temperatures of the hand taken before and after this exercise showed that 
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this pallor was associated with a decrease in temperature, which soon changed 
into a rise above the original value, before its return to normal. The skin 
temperatures of the dorsal side showed considerably smaller variations, In the 
patient under discussion a few muscular contractions were sufficient to produce 
these phenomena in the left hand. 


COM MENT 


Although no immediate result was derived from the surgical inter- 
vention, it may have been of some help in more readily reestablishing 
the circulation by relieving the pressure on the artery and by straighten- 
ing its course. Since the onset and the development of the circulatory 
disturbances in this case were slow, it seems probable that an operation 
at an earlier date before the completion of the occlusion . ight have pre- 
served the circulation through the subclavian artery. 

This emphasizes the necessity of operating as soon as circulatory 
disturbances are noticed. 

Surgical treatment is also indicated if the vascular phenomena, which 
may be elicited by exercise eventually combined with cooling or com- 
pression, are more pronounced on the side of the cervical rib. In case 
of bilateral cervical rib the arm of a normal person may act as a control. 
In doubtful cases one should resort to plethysmograms, sphygmograms 
and skin temperatures, as they may give evidence of circulatory dis- 
turbances even where the other tests may fail, all the more since they 
furnish comparable data for future reference. It should be realized 
that a certain lapse of time (from twenty to forty seconds) necessarily 
occurs before the reading of the skin temperatures or the recording of 
the tracings can be started. The temperature of the dorsum of the 
hand is systematically determined after the volar points have been taken. 
This represents a difference in time of about four minutes. The only 
observations which can be obtained immediately after exercise concern 
the pulse beat and even these refer to a certain period after the exercise 
is stopped. This must be borne in mind when comparing these records 
with those made actually during the time that the stimulus is applied, 
as can be done while compression is exerted. 

There is undoubtedly a parallelism between the changes in the skin 
of the hand during exercise and exposure to cold as well as between the 
changes in the plethysmogram during compression and after exercise. 

Furthermore, the difference between these alterations as observed 
on the right and on the left side are only quantitative. In normal per- 
sons the changes in the skin of the hand occurring during exercise of 
the arm or hand range within moderate limits. In the patient’s left 
hand all the signs of vasoconstriction were very much exaggerated and 
of longer duration; the latent period was considerably shortened and 
the threshold-value of the stimulus was much lower than on the normal 
side. The considerably lower temperature of the left hand, when cool- 
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ing was combined with exercise, even as mild as washing or drying her 
hands, indicated the great influence of exercise. 

Although exercise of the muscles of the arm leads to a marked 
acceleration of the blood flow as well as to an enlarged blood volume in 
this extremity and in the muscles used,’ it seems necessary to draw blood 
away even from the cutaneous and subcutaneous vessels of the hand 
in order to meet the excessively increased demand of the exercising 
muscles. That this is more than a mere instance of economical efficiency 
is proved by the exaggerated alterations in the skin in the patient’s left 
arm. As this increased demand of blood cannot be met with on account 
of the thrombosis of the subclavian artery and the insufficiency of the 
other available pathways an unusually large amount of blood is drained 
away from the superficial vessels, causing extreme pallor, cold, dryness 
and numbness of the hand. This may at least partly explain the delay 
in reestablishing the normal color, which moreover, may be attributed to 
the insufficient blood supply which is inadequate to refill quickly the 
subsequently dilated capillaries of the skin. 

Furthér evidence for this view is given by the almost equal tempera- 
ture on both sides after simple cooling. Whatever little difference there 
is between the right and left sides can be easily explained by trans- 
mission of heat from the deeper vessels. 

The absence of all pulse distal to the thrombosis is more readily 
understood than the return of the radial pulse on the tenth day after the 
operation in the course of which nothing was done to the thrombus 
itself. As the brachial pulse only came back four months later, the 
return of the radial pulse cannot be due to canalization or organization 
of the thrombus, but must be explained by the enlargement of the col- 
lateral circulation. The reappearance of the brachial pulse and the 
return of the blood pressure in this vessel indicate that the circulation 
had been reestablished in the subclavian artery. However, the lower 
systolic blood pressure shows that there was still more resistance in the 
subclavian artery on the left than on the right suggesting a compara- 
tively narrow passage. Further observation will show if this was due 
to an incomplete organization which may still improve, or to a constant 
narrowness of the vessel. 

The changes in the pulse beat due to the decrease in the pulse pres- 
sure and in the pulse rate after the previous increase during exercise 
can be easily felt at the radial artery. After an excessive and very fast 
drop, the pulse gradually regains its previous characteristics. The 


9. Chauveau and Kaufmann: Expériences pour la détermination du coefficient 
de l’activité nutritive et respiratoire des muscles en repos et en travail, Compt. 
rend. Acad. d. sc. 104:1126, 1887. Hewlett and van Zwaluwenburg: The Rate 
of Blood Flow in the Arm, Heart 1:87, 1909. Hewlett: Pathological Physiology 
of Internal Diseases, New York, D. Appleton & Company, 1928, p. 24. 
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plethysmograms and sphygmograms are recorded during the period the 
pulse is recuperating, thus at a time at which the pulse rate and the 
systolic blood pressure have already dropped considerably, the latter 
possibly below the normal rate. At the same time the widening of the 
capillaries and the relaxation of the local arterioles which allows a local 
active hyperemia during the exercise is subsiding, resulting in a gradual 
increase of the resistance of the capillary outflow. The total result is a 
gradual reelevation of the plethysmogram and of the sphygmogram. 

The difference in these curves of the right and left sides can be 
explained in the following way. The pulse flow may be resolved in two 
components—the blood flow and the pulse wave. The average rate of 
the blood flow in an artery depends mainly on the average arterial pres- 
sure and the amount of resistance offered by the arterioles and capil- 
laries supplied by the artery under consideration.’® As the pressure in 
the arteries of the left forearm and hand must be very low due to the 
resistance offered by the small caliber of the collaterals, the blood flow 
is considerably less on the left side. The other factors which determine 
the blood flow and the pulse wave are practically equal on both sides. 

This causes the pulse flow in the left forearm and hand to be very 
much less than on the right side, resulting in a considerable difference 
in the plethysmograms and sphygmograms. The resemblance between 
the plethysmograms of the left hand at rest and during slight com- 
pression as well as between those recorded after exercise and during 
marked compression is due to the fact that the latter likewise causes a 
decrease of the pulse flow by increasing the resistance in the capillaries 
and the arterioles. 


SUMMARY AND CONCLUSIONS 


1. A case of bilateral cervical rib presenting gradually increasing 
circulatory disturbances on one side only is described. At operation, 
these symptoms were found to be due to an apparently complete throm- 
bosis of the subclavian artery. The return of the radial pulse alone ten 
days after the operation indicates an increase of the collateral circula- 
tion, while the reappearance of the brachial pulse four months after the 
operation suggests a canalization or an organization of the thrombus. 


2. The subclavian artery forms a high and narrow loop in order to 
pass over the cervical rib. The angle between the scalenus anticus 
muscle and the cervical rib which normally allows sufficient space for 
the subclavian artery and the brachial plexus is very much narrowed, 
especially since the supernumerous rib has a straight instead of a curved 
shape. This greatly increases the danger of compression since the artery 
may be imprisoned by dense bands, extensions of the sheath of the 


10. Hewlett, A. W., and van Zwaluwenburg, J. G.: The Pulse Flow in the 
3rachial Artery, Arch. Int. Med. 12:1 (July) 1913. 
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scalenus anticus. The high and narrow arterial loop and the sharp 
angle through which the vessel passes favor the origin and the develop- 
ment of circulatory disturbances which may be caused by repeated 
traumatisms. 

3. These circulatory disturbances are due either to arterial compres- 
sion or to obstruction by thrombosis, generally, however, to both of 
them since thrombosis is in these cases a sequel of compression. They 
may be permanent or temporary and change considerably according to 
the varying demand of arterial blood supply in the extremity. 

4. The vascular phenomena presented in the case reported were 
pallor, coolness and numbness, sometimes also cyanosis of the hand and 
especially of the fingers. Furthermore, there was a marked tendency to 
fatigue in the left arm. 

5. Skin temperatures, plethysmograms and sphygmograms recorded 
simultaneously on both sides in various conditions, at rest, during and 
after exercise of the upper or of the forearm and hand, after cooling 
alone or combined with exercise, etc., furnish objective evidence of the 
impaired circulation in the left arm, particularly so during exercise and 
when there is loss of heat. 

6. The division of the scalenus anticus at its insertion as originated 
by Adson proves to be a simple and efficient procedure to free the artery 
immediately from pressure. As soon as the vessel is liberated it is 
seen to slide medially and downward along the declining cervical rib. 
As this operation only relieves the pressure but does not affect the 
thrombosis, it is of the greatest importance to operate before the latter 
has led to a serious degree of obstruction. It, therefore, is necessary to 
detect the slightest impairment of circulation for the recognition of 
which the methods described may prove to be useful. 

Special care should be taken not to denude the vessel, since the 
arterial wall may have been severed by the pressure. No arterial 
branches should be injured as they may form part of the collateral 
circulation. 

7. The same methods may be applied to cases in which intermittent 
claudication is suspected, since it closely resembles the disorder described 
in its symptomatology. 





INTRACRANIAL TUMORS IN TISSUE CULTURE * 
FREDERICK E. KREDEL 


There are two methods of studying the histologic structure of any 
tissue. One is by determining the morphology and specific staining 
affinities of the component cells in fixed sections. This method of 
attack has brought fruitful results in the classification of the gliomas." 
The other mode of approach, the direct observation of living cells, has 
not been used extensively in pathologic investigations, for the securing 
of cells of most human tissues in a viable condition is a matter of con- 
siderable technical difficulty. The methods which are at hand, the 
technics of supravital staining and of tissue culture, have had only a 
limited application. 

Whether or not these special procedures for the study of living cells 
will find an increasing sphere of usefulness in laboratories of pathology 
depends as much on the possibility of their adoption as a routine 
measure without a prohibitive amount of special training as on a 
demonstration of their value in the pursuit of specific problems. 

In the particular task of the study of the histology of intracranial 
tumors in this clinic, the tissue culture technic has been found not only 
readily applicable but also productive of interesting results. A pre- 
liminary note? has recorded the beginnings of these studies with some 
observations on the typical cells that grow out of cultures of menin- 
giomas. The present report is a description of the cultural character- 
istics of a number of intracranial tumors with special reference to the 
gliomas. 

TECHNIC 

Of the various methods for tissue culture, the simple hanging drop technic has 
been chosen as most suitable for our purposes. 

The medium used is heparinized human plasma plus 2 per cent of a dry peptone 
prepared from Witte’s fibrin in Tyrode solution. Carrel and Baker * have found that 
this dry peptone, by virtue of the proteoses which it contains, possesses growth- 
stimulating properties comparable to those of embryonic juice. The peptone- 
Tyrode medium is made up in two sections, the sodium bicarbonate being 


autoclaved separately to avoid the precipitation of calcium and magnesium salts. 
The two parts are tubed in amounts of 10 cc.; when a tube of each, therefore, is 


* From the Surgical Clinic and Laboratory of the Peter Bent Brigham Hos- 
pital, Boston. 


1. Bailey, P., and Cushing, H.: Tumors of the Glioma Group, Philadelphia, 
J. B. Lippincott Company, 1926. 


2. Kredel, F. E.: Tissue Culture of Intracranial Tumors, Am. J. Path. 4: 
337, 1928. 


3. Carrel, A., and Baker, L.: The Chemical Nature of Substances Required 
for Cell Multiplication, J. Exper. Med. 44:503, 1926. 
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mixed in a petri dish 20 cc. of solution is obtained of proper osmotic strength and 
adjusted to px 7.2 to 7.4. 

A stock of heparinized plasma, prepared by the method of Craciun,* is kept on 
hand for use as needed. A heparin concentration of 1: 10,000 will make it possible 
to keep the plasma for weeks without clotting. The plasma is best obtained from 
a young subject, for Carrel and Ebeling® have reported that growth-inhibiting 
substances in the blood serum increase progressively with the age of the organism. 

The actual technic of preparing cultures by the hanging drop method is too 
well known to require further description here. The technic followed is essentially 
that found in the small manual of Strangeways.* 

The cultures are incubated at 37.5 C. and examined daily in a warm box. 
Migration of cells from the explant usually begins within the first twenty-four 
hours but may be delayed until the second or third day. One can keep the cultures 
alive for weeks by washing them every three days with fresh peptone-Tyrode 
solution and by making occasional subcultures. 

The migrating cells are flattened out on the under surface of the cover slip so 
that every detail of their structure can be studied under the highest power. The 
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types of outwandering cells are compared with those observed in the tumor by 
supravital studies made at the time of culturing. 


TUMORS CULTURED 

The present series of tumors is composed of a variety of types, as 
shown in table 1. The migration of a sufficient number of tumor cells 
to make possible an adequate study of their morphology and pattern of 
growth was used as the criterion for judging cultures satisfactory. 

In each case, material from several portions of the tumor is selected 
for culturing, to increase the chances of securing tissue that is both 
viable and representative of the tumor. 


4. Craciun, E. C.: Heparin-Plasma as Stock-Plasma for Tissue Cultures, 
Bull. Johns Hopkins Hosp. 38:327, 1926. 


5. Carrel, A., and Ebeling, A. H.: Age and Multiplication of Fibroblasts, 
J. Exper. Med. 34:599, 1921. 


6. Strangeways, T. S. P.: The Technique of Tissue Culture in Vitro, Cam- 
bridge, W. Heffer and Sons, 1924. 
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It is surprising that, with the simple technic employed, so large a 
percentage of satisfactory cultures was obtained. Certain types of 
gliomas have proved particularly favorable material for cultivation. 
That some tumors grew readily in tissue cultures while others grew to a 
less extent or not at all was not unexpected. The significance of these 
differences in growth is discussed below. 

Medulloblastomas.——There were many reasons to believe that the 
medulloblastomas would be quite amenable to cultivation.* These 
exceedingly cellular gliomas of the primitive cell type have a rapid clin- 
ical course, and the abundance of mitotic figures indicates a rapid rate 
of multiplication. This expectation has been borne out, for all of three 
specimens cultured showed excellent migration of cells. 

The general form of migrating medulloblasts resembles to a large 
extent that seen in sections. The cells are small and vary but slightly 
in size. The shape of the cells is rounded or cuboidal. A short blunt 
process may give a pyriform outline. The nucleus is rounded or oval 
and occupies the larger part of the cell. Although no nuclear membrane 
can be seen, the outline of the clear nucleus is sharp and distinct. A 
single ill-defined nucleolus can usually be made out. The cytoplasm is 
scanty and in the living cell is remarkably clear and free from visible 
granules. A few mitochondria occur, chiefly in the form of short rods. 
There are no granules nor vacuoles taking neutral red even in old 
cultures. 

These cells grow out from the explant as a gradually enlarging sheet 
of closely approximated cells (fig. 1). This growth pattern resembles 
somewhat that of embryonic epithelium. There appears to be no ten- 
dency for cells to migrate independently. The cells are evidently fairly 
soft in consistency. They do not flatten out on the cover slip but remain 
piled together and overlapping. The shape of each cell, which changes 
from time to time, as the membrane enlarges, is modified by pressure 
from contiguous cells. 

Noteworthy changes are seen in the migrating cells after several 
days. The cytoplasm increases in amount parallel with the development 
of many dark refractile granules. With the exception of a few mito- 
chondria, none of these large cytoplasmic granules shows affinity for 
either janus green or neutral red. The nuclei become somewhat larger 
and more vesicular, but remain eccentric in position. The increase of 
nuclear material is less marked than that of the cytoplasm. Finally, 


7. It may be stated that the original purpose of this study, undertaken at 
Dr. Cushing’s request, was to learn whether the primitive medulloblast, composing 
so large a percentage of the fourth ventricle tumors in childhood, was capable 
of undergoing differentiation on culture into both spongioblasts and neuroblasts. 
During the few summer months that the author had to give to the work unfortu- 
nately only three medulloblastomas were verified. 
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short cell processes appear, and the resulting cells (fig. 2) become indis- 
tinguishable from those seen in cultures of spongioblastoma. 

It is possible that some of these changes may be ascribed to degenera- 
tion. In other types of cells, however, degeneration granules are 
stained by neutral red. It is not altogether improbable that these modi- 
fied cells are an indication of the close histogenetic relation described by 











Fig. 1—A migrating sheet of medulloblasts. Hematoxylin and eosin; x 300. 














Fig. 2—Modified cells resembling differentiating spongioblasts in a ten day 


culture of medulloblastoma. Drawn from unstained living culture. Reduced from 
a magnification of * 1200. 


Bailey and Cushing * between the medulloblastomas and the spongio- 
blastomas. 

On some cultures, a few well differentiated spongioblastic cells (figs. 
3 and 4) migrate out even before the appearance of outwandering medul- 


loblasts. In a few cases neuroblasts have been observed. In figure 5, 





8. Bailey, P., and Cushing, H.: Medulloblastoma Cerebelli; Common Type 


of Mid-Cerebellar Glioma of Childhood, Arch. Neurol. & Psychiat. 14:192 (Aug.) 
1925. 
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Fig. 3—Spongioblasts in a culture of medulloblastoma. Hematoxylin and 


eosin; & 1200. 
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Fig. 4—A well differentiated cell in a culture of medulloblastoma. Hema- 


toxylin and eosin; < 1200. 
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the cell stained with toluidin blue shows no evidence of the development 
of Nissl substance. 

Spongioblastoma.—Cell migration in spongioblastomas is more active 
than in any other type of glioma cultured. Cells have been observed 
wandering out from the explanted piece of tissue within six hours after 
culturing. Large numbers of cells spread out into the plasma clot during 
the first one or two days. No other cells, with the exception of macro- 
phages, have shown a comparable migratory power. 

The outwandering cells vary tremendously in size and shape (figs. 
6 and 7). There are many small ameboid cells little larger than a 








Fig. 5—A neuroblast in a culture of medulloblastoma. Toluidin blue; x 1200. 


medulloblast with all gradations to the huge giant cells with from six to 
eight nuclei and many-cell processes. Bipolar forms with blunt processes 
are not uncommon. The nuclei show no constancy of size, number or 
position. They are usually large, oval, and placed somewhat eccentri- 
cally. Many nuclei are elongated or even bilobed. Each nucleus contains 
one or two well defined nucleoli. The cytoplasm is filled with large, 
highly refractile granules which have an affinity for neither janus green 
nor neutral red. Mitochondria are more numerous than in medullo- 
blasts. 

Particular mention should be made of the giant cells in these cultures. 
Their nuclei, numbering from two to eight, are usually arranged irregu- 
larly. The annular pattern seen in giant cells of the Langhans type is 
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Fig. 6.—A culture of spongioblastoma, photographed alive and unstained; x 400. 














Fig. 7—Giant cells in cultures of spongioblastoma, drawn from living culture. 
Note the variation in the size of the nuclei. Reduced from a magnification of 
x 1200. 
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occasionally seen but is not characteristic. The mode of formation of 
these cells has not been studied closely enough to permit a positive state- 
ment as to their origin. Such observations as have been made give the 
impression that they are formed by incomplete division rather than by 
fusion of cells. As Globus and Strauss ® have indicated, the. variations 
in the size and disposition of the nuclei in these giant cells may be taken 
as evidence of atypical cell division. 

These giant cells with heavily granular cytoplasm are absolutely path- 
ognomonic of spongioblastoma, for they have been observed in cultures 
of no other type of gliomas. 

Astrocytoma.—Cultures of the three specimens of astrocytoma fibril- 
lare in this series showed a small number of migrating cells after several 




















Fig. 8—Astrocytes. Hematoxylin and eosin; x 1200. 


days. The small amount of growth in astrocytomas is in marked con- 
trast to the abundant migration in cultures of medulloblastomas and 
spongioblastomas. The cells wander out from the explant independently 
or form a loose reticulum by approximation of cell processes. 

The cells are fairly small, multipolar, and may contain many 
branching processes (fig. 8). The single nucleus is small, oval, and 
tends to assume a central position. The cytoplasm is finely granular 
with areas of increased density in the region of the nucleus. The large 
dark granules of the spongioblastomas are conspicuously absent in this 
tumor. Occasionally macrophages are obtained in cultures from degen- 
erated portions of the tumor. 


9. Globus, J. H., and Strauss, I.: Spongioblastoma Multiforme, Arch. Neurol. 
& Psychiat. 14:139 (Aug.) 1925. 
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Acoustic Neurinoma.—Although a small amount of migration 
occurred in five of seven acoustic neurinomas, it was never extensive and 
occurred only after several days following explantation. 

The cells wander out slowly. They tend to remain attached to the 
explant and to one another in the form of a close network. They are 
elongated and spindle-shaped. Some are almost acicular. The nuclei 
are small, oval, and placed either centrally or toward one pole. The 
cytoplasm is clear with diffuse fine granulations. 

As the cells migrate out from the explant they assume a characteristic 
shape shown in figure 9. The nucleus is situated well forward near the 
rounded anterior process. There is a long terminal process and ‘several 








L 





Fig. 9.—Beginning migration in a culture of acoustic neurinoma, drawn from 
living culture; x 1200. 


short lateral ones. A glance at the figure shows the appropriateness of 
the term “tadpole” cells. 


Meningiomas—Large numbers of ameboid cells migrated out in 
three of four meningiomas cultured. The phagocytic ability of these 
cells was again demonstrated, as in a previous report,’ by the facility with 
which they ingested particulate carmine. 

Carrel *° has found that macrophages and fibroblasts show a differ- 
ential susceptibility to arsenious oxide. While fibroblasts are killed by 


10. Carrel, A.: The Fundamental Properties of the Fibroblast and the 
Macrophage, II. The Macrophage, J. Exper. Med. 44:285, 1926. 
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a concentration of 1:800,000 arsenic trioxide, macrophages will resist 
a concentration of 1: 200,000. The fact that the outwandering cells in 
cultures of meningioma remained alive for days in 1: 300,000 arsenic 
trioxide is further evidence that the cells are not of a fibroblastic type. 

The cells migrate independently in culture rather than forming the 
reticular pattern of fibroblasts. There can be little doubt that these 
migrating cells are at least related to the macrophages. Whether or not 
they can be shown to be the tumor cells is beyond the scope of the present 
work. 

Macrophages in small numbers have wandered out occasionally in 
cultures of other types of intracranial tumors, but never in such pro- 
fuseness as in the meningiomas. The presence of macrophages can be 
demonstrated in degenerated portions of such tumors as spongioblas- 
toma and astrocytoma, both by supravital technic and in cultures. Their 
occurrence in these tumors is explained in the basis of their function as 
scavengers. A few macrophages may migrate out in cultures from 


TABLE 2.—Differential Characteristics of Cells from Three Groups of Gliomas 
in Tissue Culture 


Medulloblastoma Spongioblastoma Astrocytoma 
Growth....... +++ dpe ds a 
Growth pattern... Sheet Scattered Reticulum 
Shape of cell Cuboidal and rounded Ameboid and multipolar Stellate 
Nucleus..... Small Varied Small 
Cytoplasm..... Seant Abundant Moderate 
Granules......... Rare Large and refractile Fine 
Processes... .. Single and blunt Long or short Long and branching 
Giant cells..... 0 - 0 


apparently healthy areas of pituitary adenomas and acoustic neurinomas. 
Their presence in such cases remains to be explained. Carrel and 
Ebeling ** have suggested that macrophages may play a nutritional role 
by supplying neoplastic cells with protein split-products necessary for 
their unlimited proliferation. 


COMMENT 


The observations reported here make possible a differentiation, in 
the living state, of the typical cells found in three common types of 
glioma. ‘Table 2 summarizes the more important of the distinguishing 
features of each type. 

A knowledge of these differences in the appearance of the living 
cells may become of considerable practical importance if examination of 
tumors in the fresh state (supravital staining and tissue culture) can 
be developed as a reliable diagnostic procedure. Such an effort is now 


being made in the Surgical Clinic of the Peter Bent Brigham Hospital 
with promising results. 


11. Carrel, A., and Ebeling, A. H.: The Fundamental Properties of the Fibro- 
blast and the Macrophage: III. The Malignant Fibroblast of Sarcoma 10 of the 
Crocker Foundation, J. Exper. Med. 48:105, 1928. 
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It would be interesting to know what relation exists between the 
growth of gliomas in vivo and in vitro. The results so far obtained 
indicate clearly that the two groups of gliomas having the most rapid 
clinical courses, the medulloblastomas and spongioblastomas, have grown 
best in tissue culture. The more indolent astrocytomas have grown but 
slightly and other gliomas not at all. The time since the completion of 
these studies is too short to make possible at present any exact deter- 
mination of a relation between the behavior of a tumor in tissue 
culture and its ultimate clinical outcome in individual cases. If a corre- 
lation can be demonstrated, growth in vitro might become of some value 
for prognosis, with due regard for other factors, such as the location 
of the tumor. 

The description of differentiating neuroblasts and spongioblasts in 
cultures of medulloblastomas confirms the previous report of their pres- 
ence in fixed sections by Bailey and Cushing.’ The epithelial pattern of 
growth of medulloblasts is further evidence for their position in the 
histogenetic tree as primitive undifferentiated cells capable of giving rise 
to both nervous and glial elements. 

The mode of formation of the giant cells seen in the spongioblasto- 
mas deserves further study. It should be possible to observe every 
detail of their formation by careful studies of cultures of this tumor. 


CONCLUSIONS AND SUMMARY 

1. The method of tissue culture is a practicable means for studying 
the cellular components of many intracranial tumors. With a simple 
technic, 62 per cent of a series of thirty-seven such tumors have shown 
satisfactory growth in vitro. 

2. There is a characteristic appearance and behavior of the out- 
wandering cells for each type of tumor cultured. These distinctions are 
sufficiently marked to be used as a basis for diagnosis. 

3. There appears to be some correlation between the growth of 
tumors in vitro and the rapidity of their clinical course. 


4. Medulloblastomas in culture give rise to cells indistinguishable 
from cells found in spongioblastomas. 


Satisfactory growth in tissue culture has been obtained with a medul- 
loblastoma, spongioblastoma, astrocytoma, meningioma and acoustic neu- 
rinoma. The characteristics of each type of tumor cultured are described. 
The significance of the observations reported in the problems of histo- 
genesis and in diagnosis is suggested. 









































RELATIONSHIP OF THE TOXIN OF BACILLUS 
WELCHIT TO THE TOXEMIA OF 
INTESTINAL OBSTRUCTION * 





ASHLEY W. OUGHTERSON 
AND 


JOHN H. POWERS 


Numerous theories have been suggested to account for the toxemia 
of intestinal obstruction. Many investigators, among them Murphy 
and Vincent,’ Brooks and his co-workers,? Dragstedt,* Dragstedt and 
Moorhead * and Badile,® have submitted evidence for the bacterial 
origin of the toxin in the contents of the obstructed bowel, but definite 
proof of the exact nature of the lethal agent has not been established. 

The hypothesis was recently advanced by Williams °® that the toxin 

of Bacillus welchii is the specific agent. This communication focused 
attention on an organism well known for its ability to produce a power- 
ful exotoxin. Williams presented evidence to support the theory that 
this anaerobe proliferates rapidly in the stagnant contents of the 
obstructed small intestine and called attention to the marked similarity 
between the systemic manifestations of acute intestinal obstruction and 
of gas gangrene. Experimental and clinical evidence was submitted 
9 support his contention. The intestinal contents from dogs with 
xperimental obstruction and from patients with obstruction and 
peritonitis were filtered anaerobically and injected into mice, some of 
which had been protected by B. welchii antitoxin. Some of the unpro- 
tected mice died; the protected animals all lived. In the clinic, the 
mortality rates of acute intestinal obstruction and appendicular peri- 
tonitis were apparently decreased by the administration of B. welchii 
antitoxin to patients. 


* From the Laboratory for Surgical Research of the Harvard Medical School, 
Boston. 

1. Murphy, F. T., and Vincent, B.: An Experimental Study of the Cause of 
Death in Acute Intestinal Obstruction, Boston M. & S. J. 165:684, 1911. 

2. Brooks, B.; Schumacher, H. W., and Wattenberg, J. B.: Intestinal Obstruc- 
tion: An Experimental Study, Ann. Surg. 67:210, 1918. 

3. Dragstedt, L. R.; Dragstedt, C. A., et al.: Extirpation of the Duodenum, 
Am. J. Physiol. 46:584, 1918. 

4. Dragstedt, C. A., and Moorhead, J. J.: Immunity in Intestinal Obstruction, 
J. Exper. Med. 27:359, 1918. 


5. Badile, P. L.: Sul contegno anitomico dell’ intestino nella esclusione speri- 
mentale chiusa, Arch. ital. di chir. 20:1, 1927. 
6. Williams, B. W.: Importance of Toxemia due to Anaerobic Organisms in 


Intestinal Obstruction and Peritonitis, Brit. J. Surg. 14:295, 1926. 
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Bower and Clark’ reported favorably on the therapeutic value of 
antitoxin in a series of twenty-five cases of peritonitis and obstruction. 
Morton and Stabins * likewise submitted evidence to support the con- 
tention that B. welchii antitoxin possesses specific therapeutic value. 

Of interest in connection with Williams’ hypothesis was the inde- 
pendent contribution by Scholefield,? who demonstrated that the serum 
of blood withdrawn from the portal radicals of obstructed intestinal 
loops was lethal for mice. 

The purpose of the experiments herein reported was to repeat 
Williams’ work and to demonstrate, if possible, the presence of B. 
welchii toxin in the portal system of dogs with intestinal obstruction. 
The detection of such toxin in the contents of obstructed intestine was 
the first essential in the procedure. It was conceivable that the toxin 
might be present in such minute quantities as to be indetectable by the 
ordinary laboratory tests. Bull and Pritchett,’° and Henry *! showed 
that B. welchi produces both myotoxin and hemotoxin, and that in 
vitro titration of the hemotoxin affords a relative measure of the myo- 
toxin. The latter is comparatively stable; the former is also stable if 
kept in sealed containers in the cold but is quickly oxidized when 
exposed to the air. Small amounts of hemotoxin, when injected into 
rabbits, stimulate the production of antihemotoxin (Reed and Spence,’* 
and Barach and Draper**), which can be demonstrated three weeks 
after injection, reaches its maximum in seven weeks and persists for one 
year, showing a gradual decrease after from four to seven months. 


METHODS FOR DETECTING BACILLUS WELCHII TOXIN 


The methods for detecting the toxin of B. welchii in the contents 
of obstructed intestine may be enumerated as follows: 


1. Inoculation of the suspected material into susceptible protected and non- 
protected animals. This method was utilized by Williams and should demonstrate 
the presence of gross amounts of toxin. 


7. Bower, J. O., and Clark, J.: Bacillus Welchii Antitoxin: Its Therapeutic 
Value, Am. J. M. Sc. 176:97, 1928. 

8. Morton, J. J., and Stabins, S.: Experimental Studies on the Relation of 
Bacillus Welchii Antitoxin to the Toxemia of Intestinal Obstruction, to be 
published. 

9. Scholefield, B. G.: Acute Intestinal Obstruction: Experimenta! Evidence of 
Absorption of Toxin from Obstructed Bowel, Guy’s Hosp. Rep. 77:160, 1927. 

10. Bull, C. G., and Pritchett, I. W.: Toxin and Antitoxin of and Protective 
Inoculation Against Bacillus Welchii, J. Exper. Med. 26:119, 1917. 

11. Henry, Herbert: Composition of Bacillus Welchii Toxin, J. Path. & Bact. 
26:497, 1923. 

12. Reed, G. B., and Spence, M.: Duration of Immunity to Bacillus Welchii 
Toxin (in Rabbits), J. Infect. Dis. 41:428, 1927. 

13, Barach, A. L., and Draper, G.: Studies in Experimental Anemia; Immuno- 
logic Study of Relation Between Pernicious Anemia and Anemia Due to Welch 
Bacillus Toxin, J. Clin. Investigation 4:539, 1927. 
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2. Injection of the filtrate from the contents of. obstructed intestine into rabbits 
and subsequent titration of the blood serum of these animals for antihemotoxin. 
Assuming that some toxin might be lost during the process of filtration, the 
presence of sublethal quantities should be detected by this procedure. 


3. Administration of antitoxin to animals with obstruction as a therapeutic 
measure in combating toxemia. A control series of animals should be treated in a 
similar manner with normal horse serum. A definite increase in the average length 
of life of those animals which received B. welchii antitoxin should be taken as 
presumptive evidence that the toxin of this anaerobe is the lethal agent in intestinal 
obstruction. 

4. Clinical evidence of a rapidly developing anemia, and postmortem examination 
of the animals with obstruction. Severe anemia is a constant observation in all 
types of infection with B. welchii. It is reasonable to assume, therefore, that 
if the toxemia of intestinal obstruction is due to B. welchti, it should be accom- 
panied by anemia. Definite generalized histologic changes are not constant. 
Hemolytic staining of the endocardium and intima of the great vessels is found 
most frequently. Fatty infiltration of the heart and liver occasionally occurs. 


EXPERIMENTS 


Intestinal obstruction was produced in dogs by two methods. Closed loops were 
made and the continuity of the bowel was reestablished by end to end anastomosis. 
Complete obstruction was created by transecting the terminal ileum and inverting 
the ends. 

Immediately after the death of the animal, the closed loop or whole small intes- 
tine was removed, and the semifluid contents were run into large tubes, which were 
then sealed with a thick layer of petrolatum. These were centrifugated at high 
speed for about four hours. For aerobic filtration, the supernatant liquid was 
transferred to a Seitz-Werke bacterial filter. For anaerobic filtration, the fluid 
was poured into a large buret, which was then sealed. The buret was connected 
with a Berkefeld candle, and the whole system was rendered air-tight, washed with 
hydrogen and exhausted three times. Within a few hours, both types of filtration 
yielded sufficient material for use in the first two groups of the following 
experiments. 

First Group—Gray and white mice were used as test animals. They were 
separated into two groups. One group was protected by intraperitoneal inoculation 
with B. welchii antitoxin. The unprotected group received normal horse serum. 
One hour later, each animal of both groups was injected intraperitoneally with 
equal doses of the filtrate from the contents of obstructed intestine. In a few 
cases, mixtures of the filtrate and antitoxin, and of the filtrate and horse serum, 
were incubated for one hour at 37 C. and then injected. The antitoxin was tested 
repeatedly against a toxin of known virulence, and a quantity sufficient to protect 
against 2 cc. of the pure toxin was used. 

The results of inoculation of intestinal filtrate from eleven dogs with experi- 
mental obstruction are shown in table 1. There were no constant lethal effects. 
In most cases, death was due to spasm and convulsions which occurred within a 

few hours and did not resemble the lethal effects produced by B. welchii toxin. 


Second Group—tIn order to detect the presence of sublethal amounts of toxin 
in the contents of obstructed intestine, the following procedures were carried out. 
Each of five rabbits was given not less than 12 cc. of intestinal filtrate, in doses of 
3 to 4 cc. administered intravenously. Blood serum was obtained from each rabbit 
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before injection of the filtrate, and at appropriate intervals thereafter. The 
serum collected before inoculation was kept in a cold room until the final specimen 
was drawn. 

A known strain of B. welchii was grown on meat broth under a heavy seal of 
petrolatum for eight hours. The broth was then centrifugated at high speed for 
one hour under a seal of petrolatum and the pu was adjusted to 7. The serums 
obtained from the rabbits both before and after inoculation were mixed with the 


TABLE 1.—Results Obtained by Injection Into Protected and Nonprotected Mice of 
the Filtrate from the Contents of Obstructed Intestine * 


Treatment of 


Opera- Day of Intestinal 
Dog tion Death Contents Number of Mice Injected Died 
4 Transection 4th Aerobic OE ok cas dabadvchsetesmeghatenseacccdraans 1 
of jejunum filtration I Sn cc cain cath etinhereubalaake ee Otesen te 2 
7 Transection 4th Aerobie iad bai on can eh ccseberes ee waaleaeea cba 2 
of ileum filtration Oe EOD war ectcedtesdsdcteonnnveethect piers ye 2 
8 Closed loop th Aerobie EE. ° 5. tuerend deeneeduseenst obheeaaanesucestaae 0 
of jejunum filtration Pe CED ode deatescakvswian docks eduganedenaneses 0 
ll Transection 16th Aerobie 5 protected (1 ce. filtrate and 0.5 ce. antitoxin)..... 0 
of ileum filtration 6 not protected (1 ce. filtrate and 0.5 ce. horse 2 


serum ) 


11 ‘Transection 16th Anaerobic’ 6 protected (1.5 ce. filtrate and 0.5 ce. antitoxin)... 
of ileum filtration 


toc 


6 not protected (1.5 ec. filtrate and 0.5 ce. horse 

serum) 

12 Closedloop 24th Anaerobic 6 protected (1 ec. filtrate and 0.5 ce. antitoxin).... 0 

of jejunum filtration 6 not protected (1 ce. filtrate and 0.5 ce. horse 0 
serum) 

13 None Killed Aerobic 6 protected (1.5 ec. filtrate and 0.5 ee. antitoxin)... 1 

filtration 6 not protected (1.5 ce. filtrate and 0.5 ce. horse 1 
serum) 

14 Transection llth Aerobic 6 protected (1.25 ec. filtrate and 0.25 ce. antitoxin) 0 

of ileum filtration 6 not protected (1.25 ce. filtrate and 0.25 ce. horse 0 
serum) 

15 Transection 6th Aerobie 6 protected (1.25 ec. filtrate and 0.25 ee. antitoxin) 4 

of ileum filtration 6 not protected (1.25 ce. filtrate and 0.25 ec. horse 3 
serum) 

16 Transection 13th Anaerobie 6 protected (1.75 cc. filtrate and 0.5 ce. antitoxin) 6 

of ileum filtration 6 not protected (1.75 ce. filtrate and 0.5 ce. horse 6 
serum) 

16 Transection 13th Anaerobie 6 protected (0.75 cc. filtrate and 0.5 ce. antitoxin) 3 

of ileum filtration 6 not protected (0.75 ec. filtrate and 0.5 ec. horse 3 
serum) 

18 Transection 2d Anaerobic 6 protected (1.75 cc. filtrate and 0.5 ce. antitoxin) 4 

of ileum filtration 6 not protected (1.75 cc. filtrate and 0.5 ce. horse 6 
serum) 

19 Transection 22d Anaerobie 6 protected (125 ec. filtrate and 0.5 ce. antitoxin) 1 

of ileum filtration 6 not protected (1.25 cc. filtrate and 0.5 ec. horse 0 
serum) 

21 ‘Transection 6th Anaerobie 6 protected (1.25 ce. filtrate and 0.5 ee. antitoxin) 0 

of ileum filtration 6 not protected (1.25 ce. filtrate and 0.5 ce. horse 0 
serum) 


* There were no constant lethal effects. 


broth containing the toxin and incubated for one hour in the water-bath. A 5 per 
cent buffered suspension of fresh normal rabbit cells was added, and the mixture 
was again incubated for two hours. Thus, the serums of the same rabbit, before 
and after injection, were titrated simultaneously against the same toxin and fresh 
normal rabbit cells. 


One rabbit (no. 8) was inoculated with a known B. welchii toxin, and the blood 
serum was titrated in a similar manner for control purposes. The results of all the 
titrations are presented in table 2. 
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There was no increased inhibition of hemolysis in any of the rabbits injected 
with the filtrate from the contents of obstructed intestine. In other words, the 
blood serum of these animals did not contain antihemotoxin. One must conclude, 
therefore, that the filtrate with which they were injected did not contain hemotoxin. 
The blood serum of the control rabbit, which was inoculated with B. welchii toxin, 


TABLE 2.—Data Pertaining to the Titrations for Antihemotoxin 


Injection Inhibition of 
Rab- —-- + FF Serum Hemolysis on 
bit Filtrate Date Ce. Collected Titration* 
1 Injected with filtrate from dog 11 March 16 3 March 16 Normal 
March 17 3 April 16 Not increased 
March 18 3 May 17 Not increased 
March 19 4 June 19 Not increased 
July 7 Not increased 
2 Injected with filtrate from dog 18 April 20 3 April 20 Normal 
April 21 3 May 27 Not increased 
April 24 3 July 7 Not increased 
April 27 3 
3 Injected with filtrate from dog 16 April 13 4 April 13 Normal 
April 15 4 May 20 Not inereased 
April 16 4 June 5 Not increased 
5 Injected with filtrate from dog 21 April 25 3 April 25 Normal 
April 27 3 June 26 Not increased 
May 7 2 July 7 Not increased 
May 17 3 
May 20 4 
May 26 5 
May 31 4 
7 Injected with filtrate from dog 19 May 20 4 May 20 Normal 
May 26 4 June 28 Not increased 
May 31 4 July 7 Not increased 
July 18 Not increased 
8 Injected with filtrate from 12 hour May 15 0.5 May 15 Normal 
culture of B. welchii on cooked May 20 0.5 July 7 Complete 
meat medium May 30 0.5 July 18 Complete 





* No increased inhibition of hemolysis in the blood serum of the rabbits injected with 
intestinal filtrate denotes the absence of antihemotoxin. Complete inhibition of hemolysis 
in the serum of the control rabbit (no. 8) denotes the presence of antihemotoxin. 


TABLE 3.—Detailed Analysis of the Titrations of the Blood Serums of One Rabbit 
Antitoxin to Cats with Experimental Obstruction * 


Dilutions* 








Rab- - . . _ErTS ae ~ —— ae 
bit Serum Collected 1 Ce. 08Ce. 06Ce. 04Ce. O2Ce. O1Ce. 0.05 Ce. 
7 Injected with May 20 3 = ae wee ae ve oe 
filtrate from June 28 -- — + 2 ves - 
dog 19 July 7 -- -- 4+ ++- ies 4 
July 18 — — -% ro ot et ee 
St Injected with May 15 -- -- - +4 +++ +444 4444+ 
B. welchii July 7 — — ~_ aes AS at - 
toxin July 18 — ~— ne om as 





* ++ indicates complete hemolysis. 
+ Control. 


gave complete inhibition of hemolysis when the titrations were performed. A com- 
parison of the titrations of the blood serums of one of the rabbits injected with 
intestinal filtrate and the serums of the control rabbit injected with B. welchii toxin 
is presented in table 3. 

Third Group—Therapeutic tests with antitoxin were performed on twelve cats. 
Obstruction was produced in each animal by transecting the terminal ileum and 
inverting the ends. Six of the animals were given 5 cc. of B. welchii antitoxin 
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intravenously before operation and every other day thereafter until death occurred. 
Normal horse serum was administered to the remaining six in a similar manner. 
The results are shown in table 4. The average length of iife in each series was the 
same. Although the number of animals is small, the results suggest that a thera- 
peutic effect was not obtained by the administration of B. welchii antitoxin. 


TABLE 4.—Result of Therapeutic Tests Performed by Administration of B. welchii 
Antitoxin to Cats with Experimental Obstruction * 








Cats Receiving Antitoxin 
—<<$_$__—_ — — A... - 


Cats Receiving Normal Horse Serum 
Se 


_—— - ——_ a | = — —————————— — 
Weight, Survived, Weight, Survived, 
Cat Kg Days Cat Kg. Days 
iy 18 23% ER eC Sie 2.0° 5 
TR eign aks nd gule 4 seaoun oe 2.1 2% ESR eR eS 2.3 5 
Péiakanadtinkeuedete 2.0 2% I dash cierto Gdincichals Wine eaiel 2.4 814 
cuanes 3.5 13 | ERE NEE TEE 1.8 5 
Dh vdebbeek cdeveanssaawes 2.3 5% ii. ketvectande: eedaed mwer 2.2 3 
eae 3.6 7 EER OEE eRe 1.4 Sie 
pe 2.5 de Average..... 2.0 5g 


* No beneficial effects were observed. 


Fourth Group.—Counts of the red blood corpuscles and determinations of the 
blood and cell volumes were done on several dogs early in the series, but significant 
changes were not noted, and the studies were discontinued. 

Postmortem examinations of all the dogs revealed no hemolytic staining of the 
endocardium or intima of the great vessels and no pathologic changes which could 
be directly attributed to the toxin of Bacillus welchii. 


CONCLUSION 


The hypothesis that the toxin of B. welchii is the lethal agent in the 
toxemia of intestinal obstruction was not supported by these investiga- 
tions. 





































HORNER AND THE SYNDROME OF PARALYSIS 
OF THE CERVICAL SYMPATHETIC 


J. F. FULTON 


In recent years, experimental and clinical neurology have become 
mutually dependent, and it is refreshing to record an early phase of 
their association. The theme, too, is a fitting one, since he whom we 
wish to honor has devoted himself equally to the laboratory and the 
clinic—to the great benefit of both. The shrewd clinical observations 
of Horner are, moreover, strongly reminiscent of the “Chief,” being 
painstaking, accurate and far-seeing. 

The symptom-complex known variously as the Claude Bernard- 
Horner syndrome (in France), Budge’s phenomenon (among physiolo- 
gists), but usually and more rightly as Horner’s syndrome, is 
characterized by sinking-in of the eyeball (enophthalmos), narrowing of 
the palpebral fissure, drooping of the upper lid and slight elevation of the 
lower, constriction of the pupil, and by certain anomalies in vasomotor 
and sudorific activity of the neck and face. It is seen in traumatic inju- 
ries of the cervical spine, in tumors of the spinal cord and in many other 
conditions. Recognition of the cause of this clinical picture was largely 
due to J. F. Horner.’ The various eponymic designations, however, 
indicate that others contributed to the discovery. 

Johann Friedrich Horner ? was born on March 27, 1831, at Zurich. 
His father was a serious-minded physician who was well regarded in 
the town of Zurich, but owing to a large family, his circumstances were 
never affluent. Horner’s mother was an intelligent, well educated 
woman who trained all her children in the languages, priding herself, 
like a true Swiss, on unusual linguistic powers. Johann was also trained 


in the classics, mathematics and natural history at a primary school in 


1. He is not to be confused with the well known surgeon of Philadelphia, 
William Edmonds Horner (1793-1853) who discovered the tensor tarsi muscle of 
the lacrimal apparatus, Phila. J. Med. & Phys. Sc. 8:70, 1824. 

2. Biographical material concerning the distinguished Swiss ophthalmologist, 
though abundant, is little known to English readers. Unfortunately the excellent 
account of Horner by Horstmann was hidden in a supplement to Hirsch’s “Bio- 
graphisches Lexikon der Hervorragenden Aertze,” there being only passing notice 
of him in the main alphabetical list (vol. 3). Horner died in 1886, and in the 
following year E. Landolt published a full obituary in the Arch. d’ophth. (vol. 7, 
pp. 31-64). The same author also edited Horner’s incomplete autobiography (“Ein 
Lebensbild Geschrieben von ihm selbst,” erganzt von Dr. E. Landolt, mit dem 
Bildnisse Dr. Horners, Frauenfeld, 1887, p. 139). There were also other obituaries : 
Deutsche med. Wchnschr., 1886, p. 948; in the Cor.-Bl. f. schweiz. Aerzte, 1887, 
p. 193; Klin. Monatsbl. f. Augenh., 1887, p. 95. The present account is based 
chiefly on these sources. 
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Zurich, and after doing his military service, went to the University of 
Zurich in 1849, where his previously acquired interest in natural history 
soon brought him into contact with students preparing for the study of 
medicine. While in the university he took an active part in the more 
frivolous features of student life, but at the same time developed a 
deep interest in science. He entered into political discussions, and on 
several occasions his freely expressed views brought him before the 
public eye. On taking up his medical studies at Zurich, he came under 
the influence of Georg Hermann von Meyer in anatomy, Heinrich Frey 
in histology, Heinrich Locher-Zwingli (a friend of his father) in 
surgery, and his clinical work was guided by Karl Ewald Hasse, the 
well known clinician. But it was to Carl Ludwig that he was most 
strongly attracted. The great experimental physiologist left the inimi- 
table stamp of his striking personality on every diligent student who came 
within the sphere of his influence, and Horner proved not the least of 
those who found themselves at his feet. From him he learned the 
mechanics of the circulation, the value of experimental methods and also 
that more intangible breadth of philosophic outlook and imagination so 
essential for scientific investigation. 

In 1854, Horner obtained his doctor’s degree from the University 
of Zurich with the highest honors. His thesis presented at this time 
dealt with a purely orthopedic problem concerning the curvature of the 
vertebral column in the sitting position, a subject evidently inspired by 
H. von Meyer. He then had a “Wanderjahre,” during which he 
visited Munich and Vienna. He attended lectures on a great variety of 
clinical subjects, but was more attracted to ophthalmology than to the 
other specialities. It is said that Friedrich von Jaeger, then an old 
man, showed to his students at Vienna the first volume of the new 
Archiv fiir Ophthalmologie published by his former pupil, Albrecht 
von Graefe, and that Horner, on seeing the journal, went to Berlin to 
study under von Graefe. He arrived in Berlin in October, 1854. Three 
years previously, Helmholtz, who was then still in Berlin, had pub- 
lished his ceiebrated description of the ophthalmoscope. Donders was 
at that time also in Berlin, and (as Landolt has pointed out) never was 
there a more brilliant conclave of ophthalmologists than Helmholtz, 
Donders, von Graefe and Horner. Horner was graciously received and 
soon became warmly attached to von Graefe, their friendship continuing 
until the latter’s death in 1870. From Berlin, Horner went to Paris 
where he had a highly profitable and stimulating period of study at the 
eye clinic of Desmarres. While there, he published his first contribu- 
tion to ophthalmology, which related to the manifestations of constitu- 
tional disease detectable by means of the ophthalmoscope (e.g., 
nephritis). 
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Though Horner’s genius was recognized wherever he went, it was 
characteristic of him that after a year of travel he chose to return to 
his native town. For several years he practiced general medicine, and 
did not specialize in ophthalmology until 1861. In 1856, he had become 
docent, and in 1862, professor of ophthalmology at the University of 
Zurich. He continued in active practice until his premature death in 
1886. The engraving of Horner which appeared with his autobiography 
is given in figure 1. 





Fig. 1—A photograph of the engraving of Horner which appeared as a frontis- 
piece to his “Ein Lebensbild Geschrieben von ihm Selbst, erganst von Dr. Landolt, 
1887.” 


Horner wrote widely in the field of ophthalmology, his papers on 
keratitis, glaucoma and cataract being especially noteworthy. He also 
published in Carl H. C. J. Gerhardt’s “Lehrbuch der Kinderkrankheiten” 
(Tiibingen, 1880) a section on diseases of the eye in children (“Die 
Krankheiten des Auges im Kindesalter”). His most important con- 
tribution, however, was a brief paper entitled “Ueber eine Form von 
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Ptosis” in which the syndrome that bears his name was first described. 
This was published (as were the majority of his other papers) in the 
Klinische Monatsblatter fiir Augenheilkunde in 1869 (vol. 7, pp. 193- 
198). As it is brief, it may be translated in full. The first page of 
the original is reproduced in figure 2. 


Ueber eine Form von Ptosis. 


Von 


F. Horner. 


Wohl manchem meiner Collegen sind Fille von Ptosis 
incompleta vorgekommen, die bei erwachsenen Individuen 
langsam entstanden waren, jeder begleitenden Lahmungs- 
erscheinung im Oculomotoriusgebiet entbehrten und die 
auffallende Erscheinung einer Myosis der gleichseitigen 
Pupille darboten. Mir war dieses Bild kein neuer Symp- 
tomencomplex, als sich mir Ende November vorigen Jahres 
eine 40jihrige Frau mit demselben vorstellte; ja wenige 
Wochen spiiter sah ich ihn wieder, und abermals bei einer 
Frau fast gleichen Alters; aber nie war es mir miglich 
gewesen, fiir die Auffassung dieser Ptosisform so anregende 
Beobachtungen zu sammeln, wie in jenem ersterwaihnten 
Fall. Es sei mir erlaubt, hier tiber diese Kranke Bericht 
zu erstatten. 

Frau Anna Brindli, 40 Jahre alt, eine gesund ausse- 
hende Bauerin mittlerer Grésse, soll schon von Jugend auf 
oft an Kopfschmerz gelitten haben, der keine Stelle beson- 
ders bevorzugte und im Laufe des letzten Jahres eher an 
Intensitiit und Hiufigkeit abnabm. 

Sechs Wochen nach dem letzten Wochenbette, das vor 
einem Jahre stattfand, bemerkte sie ein allmihliges Herab- 

Monatsbl. f. Augenhdlke. 1869. 13 
Fig. 2.—The first page of Horner’s description of a case of paralysis of the 
cervical’ sympathetic (Monatsbl. f. Augenheilk. 7:193, 1869). 


ON A FORM OF PTOSIS 


BY F. HORNER 


Many of my colleagues are familiar with long-standing cases of incomplete 
ptosis in adults, lacking the usual accompanying signs of oculomotor paralysis 
but exhibiting the striking symptoms of a myosis of the pupil on the same side 
This clinical picture was not new to me when at the end of last November a 
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woman, 40 years of age, presented herself with these symptoms; less than a week 
later I saw them again in a woman of about the same age, but it was not possible 
for me to obtain such crucial information for the elucidation of the ptosis in this 
case as it was in the first. I may be permitted, therefore, to report here on the 
first case. 

Frau Anna Brandli, aged 40, a healthy-looking peasant woman of medium size, 
seems to have suffered since adolescence from generalized headache which in the 
course of recent years had rather diminished in frequency and intensity. 

Six weeks after her last confinement, which occurred a year ago, she noticed a 
slight drooping of her right upper eyelid, which increased very gradually and for 
about three months had remained constant. The upper lid covers the right cornea 
to the upper edge of the pupil; the lid is not loose or wrinkled but somewhat 
sunken into the orbit and is still capable of movement; it is neither injected nor 
swollen. The upper convex furrows on the right side of the forehead indicate 
that the frontalis muscle is working as a substitute [for the levator palpebrae 
superioris ]. 

The pupil of the right eye is considerably more constricted than that of the left, 
but reacts to light; the globe has sunk inward very slightly and repeated determina- 
tions showed that it was somewhat less firm than the left. Both eyes are 
emmetropic, and have normal visual acuity and early presbyopia. 

During the clinical discussion of the case, the right side of her face became red 
and warm, the color and heat increasing in intensity under our observation, while 
the left side remained pale and cool. The right side seemed turgid and rounded, 
the left more sunken and angular; the one perfectly dry, the other moist. The 
boundary of the redness and warmth was exactly in the midline. 

The patient thereupon told us that the right side had never perspired, and that 
the flushed feeling, and also the ptosis, had only developed in the course of the 
last year. The redness of the right side of the forehead and cheek was said to be 
present in the evening as a rule but was also brought on more or less markedly at 
other times by any emotion. 

By feeling the cheeks with the hand, one could perceive a marked difference in 
temperature. We took steps to establish this precisely and to determine its range. 
Dr. Julius Michel and Wilh. von Muralt made accurate determinations, some 
of which I record here. Very sensitive thermometers were read after being 
warmed in water at about 25 C., and then fastened against the cheek with a cotton 
compress and adhesive. The temperature was also taken in other localities—behind 
the ear (over the mastoid process), in the axilla and in the groin. 

I. Temperature of the Cheek —ExXPERIMENT 1.: Immediately after application, the 
thermometer on the right recorded 35 C., that on the left, 30 C., the former rising 
in fifteen minutes to 36.3 C., the latter to 34.1 C. After the temperature on the 
two sides had become nearly equal and the left cheek had been warmed by the 
compress so that no difference could be felt with the hand, the thermometers were 
quickly exchanged, and after five minutes the thermometer on the left rapidly fell 
to 35.3 C., while that on the right rose to 36.3 C.; after ten minutes the tempera- 
tures were equal. 


EXPERIMENT 2: 


R. L. 
Pitiee 2 Tae Me Be ae er eso Vk ws 35.0 29.5 
Aikeer. SF Mas ok is @ A A ee 35.8 31.4 
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II. Temperature Behind the Ear— 
R. is R. i. 
30.0 36.2 35.4 
32.0 3.48 36.4 35.8 
33.8 36.6 36.2 
34.6 36.8 36.3 
35.0 36.8 36.6 
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III. Temperature in the Axilla—At first the temperature differed by only three 
tenths of a degree, and finally (after twenty minutes) by six tenths, the curves 
being practically parallel, the left lower than the right by a constant interval. 


































IV. Temperature in the Groin—During the entire period of observation 
(twenty minutes), the temperature remained the same, 37.6 C. on both sides. The 
sensation in both cheeks was exactly the same. This investigation thus proves the 
integrity of the sensory trigeminal nerves, transitory paralysis of the vasomotor 
fibers in the right trigeminal area; higher initial temperature on the right side 
with slowly rising (temperature) curve, a low initial temperature on the side with 
a rapidly rising curve; equalization of both if the observation is continued long 
enough with the left cheek adequately covered and protected. 

Two points necessitate the conclusion that the vasomotor disturbance involves 
not only the trigeminal area, but also that of the fibers of the cervical sympathetic: 
first, the slight but distinct variation in temperature in the axillae, secondly, and 
more important, the small size of the right pupil. 

The latter symptom prompted some investigations concerning the action of 
atropine and calabar. When equal quantities of atropine were instilled into each 
conjunctival sac the right pupil enlarged slowly and irregularly; after twenty 
minutes it had not yet reached the size of the left, but remained more constricted 
and oval, even though more drops were put into the right eye. 

When, twenty-four hours after the atropine, equal quantities of calabar were 
put into the conjunctival sac of each eye, one noticed after ten minutes a marked 
constriction on the right, and after half an hour almost maximal myosis, while on 
the left the action of the atropine still continued, and it was only after a half an 
hour that an insignificant decrease of the effect of the atropine was apparent. 


I have already mentioned that the right globe always appeared somewhat softer, 
but the difference was slight, even if constant. Measurements were made with a 
Dor tonometer, which is adequate for such comparisons. This difference in 
tension suggested comparing also the diameter of the retinal vessels. When 
observed during the stage of elevation of temperature, the veins of the right retina 
appeared wider and more tortuous than the left, a difference which did not exist 
when the whole right side was cool, as it was, for example, when the ophthal- 
moscopic examination was made in the early morning. However, the differences 
found were so slight that only through repeated examinations by several investi- 
gators can the results be securely established. 
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It is not too much to assert that this experiment with belladonna and calabar 
speaks for the dual control of the movements of the iris in man; differences in 
color and caliber of the vessels of the irides have not been found, and therefore it 
is most probable that we are dealing with right dilator paralysis. 

The explanation of the difference in the tension relations of the globe is as yet 
a matter of personal opinion, since the various functional components of what 
the anatomist calls the trigeminus cannot yet be accurately distinguished by 
experimentation. 


Let us now turn to the question of the causation of the ptosis. I believe that 
nobody who had seen all the foregoing symptoms, would be surprised at my con- 
sidering this ptosis, which comes on gradually but remains incomplete, to be a 
paralysis of the musculus palpebrae superioris supplied by the sympathetic nerve 
(H. Miller, Harling), and the appearance of the upper lid as part and parcel of 
the whole symptom-complex. It would thus appear to be the opposite of the con- 
dition in exophthalmic goiter in which the upper lid is drawn upward, or better, 
into the orbit, which by von Graefe and Remak is described as due to the stimula- 
tion of the muscle fibers of the lid. 


Finally, I may mention that our patient was treated with the constant current, 
but only for a short period, and therefore without effect. 


In many ways, this is a surprising paper, especially in its modest 
brevity. The minute description of the affected eye, with constricted 
pupil, soft and sunken globe and dilation of retinal vessels is a model 
of clarity, and the associated observations of the greater heat and color 
on the affected side of the face and neck with absence of sweating make 
his description complete and brilliant. The care which he took to 
secure accurate determinations of temperature of corresponding points 
on the two sides of the body is also noteworthy since this was the first 
time that accurate studies of the temperature of the skin had been made 
in a clinical case. 

An unexpected feature of the paper is its silence concerning related 
observations in the literature of experimental physiology. Horner was 
certainly familiar with the experiments of Claude Bernard on cutting 
of the cervical sympathetic, for these were on every one’s lips when he 
was in Paris, and without a knowledge of them he could not have appre- 
ciated the significance of his own observations. In fact, he mentioned 
Bernard’s experiments in other published works. Budge’s monograph 
on the movements ot the iris (1855) mtist also have been familiar to him. 
Consequently, one may suppose that he assumed his readers were familiar 
with this experimental evidence. It cannot be denied, however, that 
Horner’s position would have been stronger had he cited more fully the 
related observations on animals. He also made no mention of the 
probable cause of the sympathetic paralysis in the case which he 
described. 

Had Horner been more scrupulous in referring to experimental 
literature concerning the relation of the sympathetic nerve to the eye, 
he would undoubtedly have mentioned the following observations. 
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HISTORY OF PHYSIOLOGICAL INVESTIGATIONS ON THE RELATION 
OF THE CERVICAL SYMPATHETIC CHAIN TO THE EYE 


The first observations on record are those of the gifted French 
surgeon, Francois Pourfour du Petit (1664-1741). In 1727, he pub- 
lished in the Histoire de Académie Royale des Sciences of Paris a 
detailed account of experiments in which he severed the vagosympathetic 
nerve trunk (“nerf intercostal’) of dogs (fig. 3). Immediately after 
the operation, he observed sinking-in of the globe with diminished con- 
vexity of the cornea and narrowing of the palpebral fissure, injection 
of the conjunctiva and relaxation of the nictitating membrane. He 
also mentioned diminution in the size of the pupil in several experiments, 
but one is led to believe from his description that this was a subsequent 
development and not an immediate effect. His observations are indeed 
remarkable at such an early period, and particularly so, since he was 
careful to distinguish between the respiratory difficulties due to section 
of the vagus and the effects on the eye which he believed to be due 
primarily to paralysis of the sympathetic. It was natural for him to 
interpret his observations in accordance with the physiology of 
the time, i.e., in terms of the flow of “animal spirits,” believing that the 
operation prevented their passage from the posterior and anterior parts 
of the body. Petit’s experiments disproved the current belief in the 
cerebral origin of the cervical sympathetic chain. His paper is also 
remarkable for the scrupulously careful dissections which he records. 
For the first time the upper ramifications of the cervical sympathetic chain 
were traced along the carotid sheath through the sphenoidal sinus to 
the fifth nerve with which the sympathetic rami are distributed to the 
eye and face. A translation of the passage in which this remarkable 
dissection is recorded is given in the legend to figure 4 (in which his 
original figure is reproduced). One may note incidentally that he found 
branches passing to the meninges and to the pituitary. 

Little was added to the subject until William Cruikshank (1795) 
repeated Petit’s experiments and confirmed them, but he said nothing 
about pupillary constriction. He emphasized, however, the immediate 
character of the vasomotor changes. The experiments were again 
repeated by Dupuy d’Alfort (1816) on the horse, and by Brachet 
(1837). John Reid (1839), the brilliant physiologist of Edinburgh who 
died prematurely, studied the problem with great care, and concluded 
that “the contraction of the pupil, the relaxation of the nictitating mem- 
brane, and the partial approximation of the eyelids to each other, take 
place immediately after injury of the sympathetic and before injury of 
the conjunctiva presents itself and that they continue after it has dis- 
appeared.” 
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Fig. 3—The first page of Pourfour du Petit’s paper describing the results of 
severing of the cervical sympathetic in dogs (Hist. Acad. roy. d. se., Paris, 1727, 


p. 1). 
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In 1846, Signor Serafino Biffi observed that if the pupil was con- 
stricted as a result of section of the sympathetic, dilatation could be 
induced by galvanic stimulation of the central end of the cut sympathetic 
nerve. Several years later, Ruete (1847) observed in paralysis of the 
third nerve that the dilated pupil can be made to dilate still further by 
the use of belladonna. He accordingly suggested that there were two 
kinds of motor nerves to the pupil corresponding with the two varieties 
of muscle fibers known to exist within pupillary muscles, and he inferred 
that the sympathetic innervated the radial fibers which produced dilata- 
tion and that the third nerve supplied the circular fibers which caused 
the iris to contract. This happy suggestion, which, when first published, 
was not wholly substantiated experimentally, proved to be the truth. 

In 1851, Julius Ludwig Budge * and Augustus Waller * discovered 
that the fibers of the sympathetic had their origin in the spinal cord and 
that they came chiefly from dorsal segments I and II. In sectioning 
the fibers at their origin or injuring them, the same effects were pro- 
duced as by section of the nerve in the neck. This was highly 
significant for it proved for the first time that the sympathetic 
system took origin in the spinal cord, albeit Petit had provided strong 
indirect evidence that this was the case. These two writers fixed their 
attention chiefly on the contraction and dilatation of the pupil, paying 
less attention to the other phenomena which occurred simultaneously. 

The first to make a complete study of all the concomitants ensuent 
on section and on stimulation of the cervical sympathetic was Claude 
Bernard. In October and November, 1852, he published two papers 
in the Comptes rendus de la Société de biologie, Paris, in which the 
complex picture resulting from section of the cervical sympathetic was 
fully described. 

Bernard recognized the following sequelae of sectioning the 
cervical sympathetic: (1) constriction of the pupil and injection of the 
conjunctivae, (2) retraction of the eyeball into the orbit and relaxation 
of the nictitating membrane, (3) narrowing of the palpebral aperture, 
(4) diminution of intra-ocular tension and progressive diminution in 
the size of the eyeball, (5) diminution in the size of the nares and (6) 
increase of temperature over the face on the same side with flushing. 
With characteristic thoroughness, he then went on to show that all six 


3. Julius Ludwig Budge was born on Sept. 6, 1811, and studied at Marburg, 
Berlin and Wurzburg under Buenger and Schlemm. He began to practice in 1834, 
and spent the greater part of his life at Greiswald where he became widely known 
for his investigations in anatomy and physiology. His best known work, “Die 
Bewegung der Iris,” published at Braunschweig in 1855, brought him the Monthyon 
Prize from Paris Academy of Science. It was in this work that he gave a 
detailed account of his experiments on the innervation of the iris. 

4. These were among the earliest of Waller’s observations on degeneration in 
nerve trunks. 
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of these conditions became reversed if the peripheral end of the cervical 
sympathetic were stimulated. According to him, the pupil enlarges, the 
opening of the palpebral fissure becomes greater, the eyeball moves 
forward in the orbit, the active circulation becomes feeble, and con- 
junctivae, nares and ears, which were red, become pale. If one stops 
stimulation, all the phenomena at first seen after section of the sympa- 
thetic nerve recur (see also “Lecgons sur la physiologie et la pathologie 
du systeme nerveux,” 1858, volume 2, chapter 15, especially page 499 
and the following pages). 

In the following year, Budge (1853) published an equally important 
communication which deserves to be translated in full. 


I have found that, in the spinal cord, there is a certain region, extirpation of 
which augments considerably the warmth of the head. This region is situated 
between the last cervical vertebra and the third dorsal vertebra, and the phe- 
nomenon is transmitted by the eighth cervical nerve and the first two dorsal. Here 
is an experiment on the rabbit. After having exposed the region of the spinal 





Fig. 4.—Petit’s figure showing his dissection of the cranial portion of the 
cervical sympathetic. His description may be translated as follows: “The inter- 
costal nerve [sympathetic], 4A (fig. 3), enters the cranial cavity with the carotid 
artery BB, piercing first the sheath which envelops the artery within the tortuous 
bony canal in which it runs. The nerve gives of a number of small branches, /J//, 
which surround the artery often dividing and reuniting with each other. They arrive 
together in the sphenoidal fossa; I have omitted the artery in this region in order 
to show the plexus, FF, which the nerve forms by its ramifications in this recep- 
tacle. . . . One often sees in the plexus several very small ganglia. Willis 
and other anatomists have taken this plexus for a small rete mirabile; it is 
beautifully seen in the dog and in the wolf. It supplies very fine rami to the dura 
mater and to the pituitary gland and to the carotid artery along which these rami 
pass; but the largest branches, EE, join the anterior trunk of the fifth nerves, CK. 
There are ordinarily two, as one sees in the figure. There is also a third one, D, 
which joins the sixth nerve, GH; occasionally one finds only those to the fifth. 

The nerfs intercostaux thus do not take origin in the fifth nerves.” (Hist. 
Acad. roy. d. sc., Paris, 1727, p. 5 et seq.) 


cord just indicated, I sectioned from the last cervical to the third dorsal nerves. 
In ten minutes the heat of the ear on the same side was noticeably augmented to 
touch. When cold, the ears of the rabbit ordinarily have a temperature of from 
29 to 30 C. or less. On the operated side the thermometer showed from 4 to 5 
degrees higher than on the other; the arteries pulsated and the vessels were dilated. 
It is known that M. Bernard noticed the same phenomenon after having cut the 
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sympathetic nerve in the neck; and one cannot doubt that it is this nerve through 
which the influence of the spinal cord is transmitted to the vessels of the head. 
The region of the spinal cord just mentioned is the same as where the fibers of 
the sympathetic take origin which pass to the iris. As I have found that the 
sympathetic nerve of the iris passes out of the anterior motor root from this 
region of the spinal cord, I have also observed the same phenomenon relative to 
heat; for if one cuts only the posterior roots, the heat of the head is not altered, 
or only slightly so. 













After the articles by Bernard and Budge, there were few con- 
tributions of great importance, and none prior to the publication of 
Horner’s paper in 1869. The later history of the subject is largely 
taken up by the elaboration of subtleties, the main facts having already 
been discovered. Langley,> however, made the significant discovery 
that the preganglionic fibers supplying the dilator pupillae terminate in 
the superior cervical ganglion where they establish synaptic junction with 
the postganglionic fibers which pass directly to the pupillary muscles. 
Langley also studied the levels at which the various types of sympathetic 
fibers arise: thus, in the cat the fibers which dilate the pupils come pre- 
dominantly from dorsal segments I and II; the vasomotor supply to 
the ear and conjunctiva from III and IV, and the pilomotor fibers to the 
face from V to VI. 
One finds in the literature on the cervical sympathetic many contro- 
versial papers concerning the existence of a “cilio-spinal center.” Budge 
(1855) had maintained that a center existed in the lower cervical cord 
responsible for the tonic dilator action of the sympathetic. Braunstein 
(1894) and others opposed this view, contending rather that reflex dilata- 
tion was brought about solely through inhibition of the tonic action of 
the third nerve. Full discussion of these rather tiresome polemics is 
given by Anderson (1903). 
The trend of more recent work on the central origin of the sym- 
pathetic system has been to show that the chief centers lie on the floor 
+ of the third ventricle where they pass downward by the posterior longi- 
tudinal bundle into the medulla, through the cervical cord and out 
through the first few dorsal segments. On reaching the pupillary 
muscles, they have described an almost complete circle. Little wonder 
that in discussing the subject our “fathers of old” often argued cir- 
cuitously ! 
































HORNER’S PRIORITY 


In view of the well controlled experimental analysis of the sympa- 
thetic control over the pupil it is surprising that clinical correlations 
were not made before 1869. Careful search through medical literature 
has failed to disclose any clinical observations which would rob Horner 


5. The earlier researches of Langley were well summarized by himself in 1900 
in an excellent chapter on the autonomic nervous system in E. A. Schafer’s 
“Text-Book of Physiology” (see bibliography under Langley). 
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of his priority. A house surgeon of the Stafford County General 
Infirmary, bearing the name Edward Selleck Hare, came nearer to the 
discovery than any one before Horner. In 1838, he described a case 
of rapidly growing tumor arising on the left side of the neck which gave 
rise to symptoms of compression of the brachial plexus (numbness and 
paralysis of the left arm). In describing the case he said, “In addition 
to the foregoing symptoms, the pupil of the left eye became contracted ; 
and the levator palpebrae ceased to perform its office.” The patient 
became progressively worse, and died ten weeks after the onset of 
symptoms. At necropsy, a hard irregular carcinoma was found which 
had involved all the nerves and blood vessels on the left side of the 
neck. The phrenic and lower cervical ganglions of the sympathetic were 
also involved. The connection of the tumor with paralysis of the 
arm is obvious, he said, but the “paralysis of the levator palpebrae which 
receives a branch from the third pair . . . cannot . . . be referred 
to any direct communication between the structural disease and these 
several affections, but rather they must be regarded as an instance 
of that remote sympathy which is found to exist between distant parts 
of the same individual and is most frequently displayed in a person of 
nervous temperament.” 


Hare ° thus gives an excellent clinical description and had he been 
familiar with the experiments of Petit, Cruikshank and others, he would 

6. Through the courtesy of the Staffordshire General Infirmary, and the 
manager of The Staffordshire Advertiser, the following facts have been secured 
concerning the career of Edward Selleck Hare (1812-1838). He was born, and 
passed his youth, at Rough Park near Yoxall in Staffordshire, and from there 
went to London where he qualified in surgery with exceptionally high honors, at 
University College. He became appointed House Surgeon at the Staffordshire 
General Infirmary in January, 1837, and the paper referred to in the text appeared 
on Sept. 29, 1838. In the same month, however (September, 1838), when but 
26 years of age, he contracted a virulent form of typhus fever from a patient 
whom he was attending, and died on September 28. A notice appeared in The 
Staffordshire Advertiser on September 29, and a full obituary on October 6 (1838), 
both of which refer to him in terms of more than ordinary praise. “On entering 
on the discharge of those important duties for which he had so well prepared 
himself” the obituary reads, “Mr. Hare at once gave proof of the highest qualifica- 
tions with which the medical philosopher can be endowed. With indefatigable 
industry, clear views, and a sound and comprehensive judgment, he possessed a zeal 
and talent for observation which could not have failed to enrich the science to 
which he had devoted all his energies. Marked from his early youth by intel- 
lectual preeminence, and, certain as he was of becoming more and more extensively 
useful to his fellow-creatures, and of gathering fresh laurels at every future stage 
of his life, had it been spared, it is painful to reflect that he has fallen, at the early 
age of 26, a victim to the perils of the profession which, while it honours, 
enlightens, and protects humanity, but too often requites its ablest and most promis- 
ing votaries with a premature grave. The last words uttered by this gifted man 
give proof of his ardor in the cause of science. With his dying breath he 
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certainly have made the discovery. John Reid (1839), the physiologist, 
in discussing his own carefully conducted experiments, drew attention 
to Hare’s observations and asked “whether an injury of the cervical 
portion of the sympathetic in man, such as may possibly occur in 
certain diseases and operations on the neck, would be followed by con- 
tractions of the iris and inflammation of the conjunctiva.” He, too, 
closely approached the discovery, but, like Hare, he was cut off prema- 
turely a year after these observations were made. 

Careful perusal of Claude Bernard’s works published prior to 1869 
(a most stimulating occupation) gives no indication that he observed 
human beings suffering from paralysis of the cervical sympathetic nerve, 
nor did he appear to have sought such clinical material. As far as I can 
ascertain, the same is true of Budge and of other physiologists who had 
worked in this field. Consequently, since Horner was the first to pub- 
lish a full description of a case of paralysis of the cervical sympathetic 
with full recognition of the cause of the patient’s symptoms, the 
syndrome should be associated with his name and with his alone. 


SUMMARY 





A brief account is given of the life of Friedrica J. Horner, the Swiss 

ophthalmologist—pupil of Ludwig and friend of von Graefe, Helm- 
holtz and Donders—who first described in man the syndrome of paralysis 

of the cervical sympathetic chain. His original paper has - been 
translated in full and a brief history is given of experimentation 
on the relation of the cervical sympathetic to the eye. Though 
Edward S. Hare and John Reid both closely approached the discovery 
no one really anticipated Horner, and therefore the symptom-complex 
of myosis, enophthalmos and disturbed vasomotor and sudorific activity 
of the neck and face should be termed the Horner syndrome. 
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requested his friends, Dr. Knight and Mr. Hughes, would note any features of 
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press, substantiates the belief that, had this brilliant young investigator been 
spared, he might have anticipated Horner in elucidating the relation of the cervical 
sympathetic to the eye. 
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THE SURGICAL SIGNIFICANCE OF CORONARY 
OCCLUSION 


REPORTS OF TWO CASES * 
COBB PILCHER 


Although recognized pathologically for many years and discussed 
clinically since the Lumleian Lectures of Sir William Osler in 1910,’ 
the syndrome accompanying acute coronary occlusion was recognized by 
very few as a definite clinical entity before the appearance of the now 
classic paper of Wearn in 1923.2 Since that time, there have been 
added to Wearn’s nineteen cases some hundred of others, and numerous 
careful studies of symptoms, physical signs, blood pressure curves, 
electrocardiographic changes and other observations have been reported. 
From this extensive literature may be gathered, among others, three 
significant facts: 

1. Coronary occlusion, though variable in its manifestations, is 
established as a clinical entity and the diagnosis can be made clinically 
in many cases. 


2. Nevertheless, because of the variability of the symptoms and the 


frequency with which they suggest diseases of other organs, the diagnosis 
is often extremely difficult, and sometimes impossible, to make. 

3. Many of the conditions with which coronary occlusion is most 
frequently confused are intra-abdominal “surgical conditions’; and 
several of them, when present, demand immediate surgical intervention. 

It seems justifiable to report two highly instructive cases which 
forcibly illustrate these conclusions. 


REPORT OF CASE 

Case 1.—C. M., a Lithuanian, aged 55, who worked in a restaurant, entered the out- 
door department at 6 a. m., April 14, 1928, complaining of severe pain in the upper 
part of the abdomen. After shoveling about half a ton of coal the night before, he 
had gone to bed feeling quite well and slept soundly. At 1 a. m. he was awakened 
by a sudden, prostrating pain in the midepigastrium. He thought he had been shot. 
The pain was constant, penetrating and had no radiation. The patient was 
nauseated but did not vomit. He felt as though there were something catching at 
his throat, but he was not particularly short of breath. His breathing was rapid, 
but he thought this due to the extreme pain from which he suffered. There were 
no urinary symptoms. At the end of five hours of continuous pain, he came to 
the hospital. 

His family history and past history revealed nothing of significance. He had 
never had pain in the chest, palpitation, dyspnea, edema, abdominal pain, nausea, 
vomiting, diarrhea, excessive constipation, jaundice, or clay-colored, tarry or bloody 
stools. There had been no genito-urinary symptoms, except a gonorrheal infection 
thirty-five years before, for which he had been treated and which had never 
recurred. He denied syphilitic infection by name and symptom. 


*From the Surgical Service of Dr. Harvey Cushing, Peter Bent Brigham 
Hospital, Boston. 

1. Osler, Sir William: Lumleian Lectures, Lancet 1:697, 839 and 873, 1910. 

2. Wearn, J. T.: Thrombosis of the Coronary Arteries with Infarction of the 
Heart, Am. J. M. Sc. 165:250, 1923. 
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On examination, he was seen to be in great distress. He lay on his back, his 
face distorted, grinding his teeth, and groaning with pain. The respirations were 
shallow and rapid (38 per minute) ; the temperature was 102.8 F.; the pulse rate, 
120. The skin was pale, warm and very moist. There was no cyanosis. The pupils 
reacted to light. The thorax was of normal shape, and the two sides moved equally 
with respiration. The percussion note was of normal resonance; no rales were 
heard. There was no pleural rub. The heart was moderately enlarged to the leit, 
the left border being 12 cm. from the midsternal line. There were no murmurs, 
shocks, thrills or friction rubs; the sounds were regular and of good quality. The 
pulses were full, but not bounding or collapsing. The brachial and radial arteries 
were not tortuous and apparently not sclerosed. The blood pressure was 115 
systolic and 80 diastolic. There was boardlike rigidity of the entire abdomen and 
exquisite tenderness in the epigastrium. No masses or abdominal viscera could be 
felt. There was no edema of the extremities and the deep reflexes were normal. 
The leukocyte count was 12,000. 

It was believed that the patient had a perforated duodenal ulcer, and he was 
at once admitted to the hospital. In the ward, the observations were confirmed. 
He was prepared for operation and given 0.015 Gm. of morphine. Almost imme- 
diately, the abdomen relaxed and the respiratory rate dropped to 28. The patient 
became much more comfortable, but the pulse rate had risen to 140. The blood 
pressure was 115 systolic and 70 diastolic. This was regarded with suspicion, and 
the operation was delayed. Occasional weak beats shortly appeared at the wrist 
and a peculiar systolic “click” was heard at the apex of the heart. Within two 
hours, these had given way to a definite pulsus alternans and a typical to-and-fro 
pericardial friction rub. The pulse rate was 160. The blood pressure remained the 
same. There were a few moist rales at the bases of both lungs. 

The patient was transferred to the medical service. His blood pressure there 
was 105, systolic and 85, diastolic. The pulse rate was 165 and the intensity of 
the beats irregular. Electrocardiogram showed only a ventricular tachycardia. 
Tests of the urine, on both services, showed a small amount of albumin, a few 
hyaline casts and a few white blood cells. The hemoglobin content was 60 per cent, 
and the red blood cells numbered 4,955,000. No abnormality appeared in the 
differential leukocyte count. The Wassermann reaction of the blood was negative. 
Thirty per cent of phthalein was excreted in two hours. Examination of the stool 
showed no abnormality. Roentgenograms of the chest showed no evidence of pneu- 
monia and no subphrenic gas. 

The patient was kept in bed, and the heart rate was kept below 100 with 
quinidine for the first two days, after which the drug was no longer necessary. 
There was no pain after the first day. The pericardial rub disappeared on the third 
day. All electrocardiograms taken after quinidine was discontinued showed normal 
curves. The systolic blood pressure fell below 100 only once, being reported as 85 
(diastolic 60) on the third day. Albumin, casts and cells disappeared from the 
urine on the fifth day. 

Twenty-one days after admission, there was a brief twinge of mild epigastric 
pain, but no change otherwise. The patient was discharged, after one month in 
the hospital, with a pulse rate of 70 and a blood pressure of 112 systolic and 62 
diastolic. The temperature and leukocyte count were normal. 

He returned to the outpatient department at regular intervals. On May 25 
(thirteen days after discharge), the heart sounds were normal, the pulse rate was 
85 and blood pressure 130 systolic and 90 diastolic. He had done no work, and 
there were no symptoms. On July 9, he reported that, contrary to advice, he had 
been lifting light barrels and sawing wood. These exertions and climbing the 
stairs caused slight precordial pain, which radiated to the epigastrium. The pulse 
and apical rates were 90 and the blood pressure 175 systolic and 90 diastolic. 
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On August 9, the patient stated that he had stopped work because of a sensation 
of pressure in the chest. He had had no pain and only moderate dyspnea on exer- 
tion. However, the rate was 165 and the blood pressure was 112 systolic and 80 
diastolic. No friction rub was audible, the rhythm was regular, and no murmurs 
were heard. The electrocardiographic tracing showed a 2 to 1 auricular flutter 
with an auricular rate of 327.6. The patient was readmitted to the hospital. 

The blood pressure on admission was 90 systolic and 60 diastolic. There were 
a few rales at the base of both lungs, but there was no subjective change, nor 
could a history of any change be obtained. Five days after admission, after having 
received large doses of digitalis, the patient’s rhythm changed to that of auricular 
fibrillation, but the following day, sino-auricular rhythm was restored at a rate 
of 60. There were no symptoms; the blood pressure gradually rose to 124 systolic 
and 60 diastolic; the pulse rate remained at about 70 after digitalis was discon- 
tinued, and the patient was discharged on August 28, nineteen days after admission. 
During his stay in the hospital, the patient’s temperature, which was 100 on admis- 
sion, quickly dropped to and remained normal, the leukocyte count slowly fell from 
14,000 to 7,000. The urine showed no abnormality at any time. 

Since discharge, the patient has not worked, and has had no further symptoms 
The pulse rate has not been higher than 100 and the blood pressure has risen only 
to 148 systolic and 78 diastolic. On Nov. 30, 1928, the heart sounds were reported 
normal. 


Two features of particular interest are brought out in this case: 

First, there is the narrow margin by which the patient escaped 
surgical exploration, which would almost certainly have resulted in 
his death. When he was first seen, it was virtually impossible to make 
the diagnosis. In retrospection, the only symptoms which should have 
cast doubt into the minds of the observers were the rapidity of the 
pulse, and the blood pressure, which was low for a man the age of the 
patient. Both these observations might well be met with, of course, in 
a fulminating intra-abdominal infection. The extreme abdominal 
rigidity and tenderness were difficult to reconcile with any condition out- 
side of the abdomen. 

Secondly, the nature of the change which must have occurred before 
the patient’s second admission is still a matter of doubt. Two 
explanations offer themselves: ‘There was a second coronary 


obstruc- 


tion or an extension of the old thrombus to involve new coronary 
branches; or the small amount of exertion indulged in increased the 
work of the already damaged myocardium sufficiently to upset its 
rhythm and lower its functional efficiency. It is probable that both 
factors played a part, although the absence of pain or friction rub makes 
it unlikely that there was an acute occlusion. 


REPORT OF SECOND CASE 
Case 2.—M. C., an Irish housewife, aged 58, was sent to the hospital at 8 p. m., 
Oct. 9, 1928, by Dr. John Adams, about twenty-four hours after the sudden onset 
of a severe prostrating epigastric pain. This was sharp and penetrating and 
persisted without remission until the patient was admitted. There was rather 
vague transmission of the pain into the substernal and precordial regions and along 
both costal margins. The patient had been only slightly nauseated and had not 
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vomited. The bowels had not moved during the previous three days. There had 
been slight dyspnea, but no palpitation or cough. Deep breathing caused slight 
exacerbation of the pain. 

The past history revealed the following facts of significance: The patient had 
never had dyspnea, precordial pain, palpitation or edema. For about three years, 
she had had occasional periods of epigastric distress after meals with eructation 
of gas. This condition was sometimes relieved by soda, but was, on the whole, 
rather vague. Six weeks prior to admission, a sudden severe epigastric pain had 
occurred which had lasted only a few hours, and had disappeared spontaneously. 
It was not associated with vomiting, jaundice, constipation, diarrhea or palpitation 
and had no precordial radiation. The patient had never had genito-urinary symp- 
toms. There was nothing of significance in the family history. 

On examination, the patient was seen to be an acutely ill, rather emaciated old 
woman obviously in severe pain. She lay on her back, with knees drawn up, 
groaning with pain. Her face was distorted and her hands were pressed to the 
upper part of the abdomen. The skin was wrinkled, lax and warm; there was 
no cyanosis or jaundice. The pupils were equal and reacted to light. No abnor- 
mality was observed in the nose or ears. Only a few lower teeth remained; their 
condition was poor and their bases were surrounded with pyorrhea alveolaris. The 
tongue was dry and lightly coated. The neck appeared normal, and there was no 
glandular enlargement. Expansion of the frail but symmetrical chest was poor. 
The percussion note was normally resonant throughout, but the bases of the lungs 
descended poorly. Breath sounds were vesicular. A few dry crackles were heard 
at the bases of both lungs and there was a faint, inconstant expiratory pleural 
friction sound low in the left axilla. The heart was not enlarged to percussion ; the 
left border of dulness was 9.5 cm. to the left of the midsternal line and the right 
border of dulness was not outside the sternal margin. The region of aortic 
dulness was 6 cm. in width. No shock or thrill could be felt. The heart sounds 
were loud and snapping. At the apex, there was a short, rough, “clicking” sound 
which faded into a smooth high pitched systolic murmur at the left border of the 
sternum. The diastole was clear. The blood pressure was 190 systolic and 130 
diastolic. The pulses were equal and regular. The radial and brachial arteries 
showed moderate sclerosis to palpation. The abdomen showed boardlike rigidity 
in its upper half and considerable spasm below the umbilicus; there was marked 
tenderness in the epigastrium and, to a lesser extent, over the whole upper part of 
the abdomen. No masses were palpated. The liver, spleen and kidneys could not 
be felt, and there was no evidence of free fluid. The percussion note was tym- 
panitic throughout. There was no edema of the extremities and the reflexes were 
normal. 

The temperature was 100 F., the pulse rate 120 and the respiratory rate 20. The 
leukocyte count was 7,800; the hemoglobin, 65 per cent. Nothing abnormal was 
found in the urine. An electrocardiographic tracing showed only a sinus tachy- 
cardia and a slight slurring of the S wave in the first lead, with left ventricular 
preponderance. 

The diagnosis was believed to lie between perforated ulcer and coronary 
occlusion, and, in view of the latter possibility, it was decided to observe the 
patient for a time. She was given a large dose of morphine which relieved the 
pain. The pressure, pulse and respirations were observed at half-hourly intervals. 
During the course of the night, the blood pressure fell slowly, but steadily, the 
pulse rate rose somewhat and the respiratory rate remained the same. At 7 a. m.. 
the systolic blood pressure was 120 and the pulse rate 135. The spasm was 
diminished somewhat, and there was no pain. The heart sounds were less loud: 
the systolic rough sound at the apex was louder and longer, and there was a cor- 
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responding diastolic “click.” During the morning there was no recurrence of pain, 
the blood pressure and pulse rate remained constant, and the heart sounds grew 
gradually fainter. The to-and-fro apical sounds, interpreted as a pericardial fric- 
tion rub, grew less and less intense and by noon could not be heard. At 9 a. m.,a 
second electrocardiogram showed a slight flattening of the T wave and sinus 
tachycardia. On the basis of the observations, the diagnosis of coronary occlusion 


was made. The patient was seen by a medical consultant and transferred to the 
medical service on October 12. 

On admission to the medical service, the patient’s temperature was 98.8, the 
pulse rate 105, the respiratory rate 22, the hemoglobin 55 per cent, the erythrocyte 
count 3,570,000 and the leukocyte count 9,600. The differential count was normal. 
The urine contained a few white blood cells, but no albumin, red blood cells or 
casts. The Wassermann reaction of the blood was negative. The blood nonprotein 
nitrogen was 24 mg. per hundred cubic centimeters, and the phenolsulphonphthalein 
excretion, 48 per cent in two hours. The heart sounds were not distinct and there 
was a “loud, blowing, late systolic murmur, heard best over the mitral area and 
transmitted to the axilla.” The blood pressure was 136 systolic and 95 diastolic. 
A few dry rales were heard at the bases of both lungs, and the abdomen showed 
only epigastric tenderness to deep pressure. 

The patient was kept quiet in bed and given morphine freely. Three days later, 
she developed signs of fluid at the base of the right lung. Roentgenograms showeda 
small amount of fluid, signs of early consolidation at the base of the right lung, and 
a vague gas shadow beneath the right side of the diaphragm. A needle was inserted 
into the lower portion of the right side of the chest, and 22 cc. of clear yellow 
fluid was removed. Its specific gravity was 1.016, and it contained 1,400 cells 
per cubic millimeter, of which 90 per cent were lymphocytes and 10 per cent poly- 
morphonuclear neutrophils. 

The roentgen examination was repeated on October 22, thirteen days after 
admission, on account of the gas shadow previously seen. Films made in the 
erect position showed increased height of the right side of the diaphragm and a 
large area of gas with a fluid level as its base beneath the diaphragm. The con- 
solidation at the base of the right lung had cleared considerably. <A definite diag- 
nosis of subphrenic abscess was made by Dr. Sosman of the x-ray department. 
The patient was retransferred to the surgical service on October 23. 

During the patient’s stay in the medical service, her temperature had slowly risen 
to 102 F.; the pulse rate had been maintained at about 140, the leukocyte count had 
risen gradually to 21,000 and prostration and emaciation had steadily increased. 
Electrocardiograms repeatedly showed a normal condition. 

When the patient reached the surgical ward, she was prepared at once for 
operation. An incision was made over the ninth rib posterolaterally. A portion 
of the rib was resected and the diaphragm sutured to pleura around the margin of 
an oval area about 6 by 4 cm., through which it was proposed to drain the abscess 
at a second stage in about forty-eight hours. The procedure was carried out under 
local anesthesia, and no apparent change occurred in the patient’s condition. 

The following evening, after having rested quietly since the operation, the 
patient suddenly began to cough up huge quantities of foul, greenish-yellow pus 
with the odor characteristic of infection by Bacillus coli. Postural drainage was 
inaugurated, and approximately 1,500 cc. of pus was evacuated within an hour. In 
spite of the free evacuation, however, signs of the filling up of both lungs shortly 
appeared, the temperature began to rise, respirations became rapid and shallow, a 
rapidly increasing cyanosis appeared, the pulse rate rose swiftly and, four hours 
after the first cough, the patient died an obviously respiratory death. 


Unfortunately, permission could not be obtained for a postmortem examination. 
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This again is a case difficult or impossible to interpret definitely even 
after weeks of observation with every available facility for study. It is 
probable that there was an ulcer which perforated into the lesser 
omental sac and formed a subphrenic abscess, and that the latter subse- 
quently ruptured the diaphragm into a large bronchus. But this must 
deny the existence of, or fail to explain satisfactorily, the pericardial 
friction rub. A possible explanation is that the latter was a pleuro- 
pericardial rub caused by increased excursion of the heart, and its brief 
duration offers some support of this theory. It has been suggested 
that, following the formation of a cardiac infarct, there occurred the 
following series of events: the formation of mural thrombi in the right 
ventricle, at the site of infarction; secondary pulmonary infarction at 
the base of the right lung with the subsequent formation of a pulmonary 
abscess which perforated the diaphragm, and terminal rupture of the 
abscess into a bronchus. This seems unlikely in view of the roentgen 
observations and of the definite odor of the pus. 


COM MENT 


A great deal of light has been thrown on the causation of “coronary” 
pains by the recent revolutionary paper of Keefer and Resnik.* The 
pathology of the condition, with its resultant physiologic changes, is 
fairly well understood. The frequency of its occurrence, however, and 
the difficulty with which it is diagnosed are not generally realized, 
perhaps least of all by surgeons, to whom these facts are of so much 
concern. Numerous writers, including Benson,* White,® Hardt,® 
Gardinier * and Coffen and Rush,* have pointed out the similarity of 
this condition to acute intra-abdominal conditions, especially gallstone 
colic and perforated ulcer, but it is surprising how few such papers 
have emanated from surgical clinics. 

The two cases here reported admirably illustrate a difficulty often 
encountered, as well as the great importance of keeping in mind the 
possibility of coronary occlusion in cases of acute pain of the upper 
portion of the abdomen, and of exhausting every effort to make a 
correct diagnosis. 

3. Keefer, C. S., and Resnik, W. H.: Angina Pectoris: A Syndrome Caused 
by Anoxemia of the Myocardium, Arch. Int. Med. 41:768 (June) 1928. 

4. Benson, R. L.: The Present Status of Coronary Arterial Disease, Arch. 
Path. 2:876 (Dec.) 1926. 

5. White, Paul: Prognosis of Angina Pectoris and Coronary Thrombosis, 
J. A. M. A. 87:1525 (Nov. 6) 1926. 

6. Hardt, L. L.: Coronary Thrombosis Simulating Perforated Peptic Ulcer, 
J. A. M. A. 82:692 (March 1) 1924. 

7. Gardinier: Coronary Arterial Occlusions: A Perfectly Definite Symptom 
Complex, Am. J. M. Sc. 168:181, 1924. 

8. Coffen, T. H., and Rush, H. P.: “Acute Indigestion” in Relation to 
Coronary Thrombosis, J. A. M. A. 91:1783 (Dec. 8) 1928. 











It has been impossible for all of 
Dr. Cushing's pupils to contribute 
papers, but even those who 
have been unable to do 
this have assistedin 
the publication of 
this work and wish 
to express their 
%X0o0d wishes 
on this happy 
occasion 
to their 
“Chief.” 




















DIETING 


for slimness ruinous to health 


of Hollywood’s stars 


@{ Doctors and nurses, in 
warning the public of 
the dangers of extreme 
dieting, will find sup- 
port in the sad experi- 
ence of motion-picture 

stars. 


\ NEw danger to the health 
of motion picture stars has just 
been revealed. The motion pic- 
ture camera, in photographing 
a star, adds from 5 to 20 pounds 
to the appearance of her figure, 
so that many screen celebrities, 
because of the fad for slim- 
ness, have felt called upon to 
undergo rigorous programs of 
dieting. 

Photoplay Magazine re- 
cently announced that many of 
the stars have suffered collapse 
because of this dangerous practice. One 
famous star died of tuberculosis aggra- 
vated by weight reduction. Another 
ruined her career and was made an in- 
valid by starvation. Still another collapsed 
on a set from trying to lose 10 pounds. 

One of the alarming dieting extremes 
indulged in by the stars, according to 
Photoplay, is eating no food at all for 
breakfast, and seriously limiting the quan- 
tities of nourishing foods for both luncheon 
and dinner. 

Physicians and nurses and teachers, 
looked to as health authorities, should help 
bring a speedy end to the dangerous prac- 
tice of indiscriminate diets to reduce. 

The “boyish” figure is a false standard 
of feminine beauty, and its attainment is 






likely to be at the price of permanent 
injury. 

Modern health opinion recommends a 
variety of foods, including vegetables and 
fruits, both fresh and canned, sweetened 
for enjoyment. Sweetness is the flavor 
that encourages the ingestion of nearly all 
the healthful roughage, vitamin-bearing 
foods. Breakfast is a meal likely to be 
slighted by young working girls and many 
other busy working people. For this meal 
sugar should be used to develop the de- 
licious flavors of the beneficial foods. 

Let people be warned to eat enough. 
Most foods are more delicious and nour- 
ishing with sugar. Good food promotes 
good health. The Sugar Institute, 129 
Front Street, New York, N. Y. 
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SYPHILIS AS A MODERN PROBLEM 


William Allen Pusey, M D. 


HIS work is a substantial presentation of the subject of syphilis considered from 

the standpoint of the disease as it affects the individual and society. Written 

with the view of interesting particularly the intelligent layman, it is sufficiently 
detailed and complete to be of interest and value to the physician. This is a book that 
you will enjoy reading yourself and one that you will wish to recommend to friends 
interested in sociological problems. 


The following chapter headings will give an idea of the originality and scope of 
the volume: 


The beginning of Syphilis The Course of Syphilis (Continued). Tertiary 
The History of Syphilis to the End of the Nine- Syphilis be 
teenth Century Hereditary Syphilis 


The History of Syphilis in the Twentieth Century The Pathology of Syphilis 
The Course of Syphilis. The Incubation Period 7h Prognosis of Syphilis 


and the Primary Stage. Syphilis and Marriage 
The Course of Syphilis (Continued). The Sec- The Etiology of Syphilis 
ondary Stage The Prophylaxis of Syphilis 


129 Pages. Green Cloth Binding, Price $1.00, Postpaid. 


The Art and Practice of Medical Writing 


GEORGE H. SIMMONS, M.D. 
Editor and General Manager Emeritus, the American Medical Association 
and 
MORRIS FISHBEIN, M.D. - 
The Journal of the American Medical Association 


An outgrowth of the pamphlet, ‘‘Suggestions to Medical Authors"’ 


Here is a handbook embodying years of editorial experience, giving 
virtually a complete course in the preparation of a manuscript. The 
medical writer is given thorough-going advice on medical style, sub- 
ject, material, construction, words; technical information from spelling 
to |p ete ng a bibliographical reference list that is comprehensive 
and up-to-date. 
165 pages Red Cloth Binding Price, $1.50 
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